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Las  imagas  suivantai  ont  *ti  raproduitas  avac  la 
plui  grand  soin.  compta  tanu  da  la  conditian  at 
da  la  nanati  da  I'axamplaira  filmA,  at  an 
conformity  avac  las  conditiona  du  contrat  da 
filmaga. 

Las  axamplairaa  orlpinaux  dont  la  couvartura  an 
papiar  aat  Imprimia  sont  filmis  an  commandant 
par  la  pramiar  plat  at  an  tarminant  soit  par  la 
darniAra  paga  qui  compona  una  amprainta 
d'imprassion  ou  d'illustration,  soit  par  la  sacond 
plat,  salon  la  cas.  Toua  las  autras  axamplairas 
originaux  sont  filmis  ^n  commandant  par  la 
pramiira  paga  qui  comporta  una  amprainta 
d'imprassion  ou  d'illustration  at  an  tarminant  par 
la  darniAra  paga  qui  comporta  una  talla 
amprainta. 
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darniAra  imaga  da  chaqua  microficha.  salon  la 
cas:  la  symbols  '-*•  signifia  "A  SUIVRE".  la 
aymbola  ▼  signifia  "FIN". 

Las  cartas,  pianchas.  tablaaux.  ate.  pauvant  atre 
filmAs  A  das  taux  da  reduction  diffirants. 
Lorsqua  la  documant  ast  trop  grand  pour  atra 
raproduit  an  un  saul  clich*.  il  ast  filmi  k  partir 
da  I'angia  supAriaur  gaucha,  da  gaucha  A  droita. 
at  da  haut  an  bas,  an  pranant  la  nombra 
d'imagaa  nAcassaira.  Las  diagrammas  suivants 
iliustrant  la  m^thoda. 
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Diputy  .Miiii^tir  «(  th,-  Inti  rior, 
Ottawa. 

SiK— I  bojf  tn  Mibi„i'  f  ry(.iircori>l,l,.r.i,i.,M  thi' atta.lir.l  r,  |,„rt  on  tlip  CHiiilthiiii- 
«i.nt/.cn  hydro-fl.vtri,-  „  v,.l„pn,..nt  of  the  V,inc..i,v,.r  I'.Avr  Compaiiv.  |!riti-l, 
Lolumbm,  l.y  O.  R.  (i.  C.mvMy.  .•hief  fiigiiu'«T  of  tluit  .•..nipany. 

This  report  was  prep  ir...!  for  th.'  .li-p-rtmcnt  l,y  Mr.  Coiiwnv  ,u  th.-  r.  .|iic*t  of  tl.r 

ii.Ml-rsifri„.,l.  Ml  ..rd.T  tliat  tho  .l(p;irtimi,    ini^'lit  Imvo  -. mpl.f  autlwiiti.'  ^tnt.in..Mt 

of  the  \anooiivor  Power  Compaiiy-s  p,,w,.r  projoct  at  tho  ('o-piitlaiM-HimtzcM  hik.-s 
«.(  ..  and  with  speiMiil  nfiT-.ti-^o  to  tlic  Coquitla.n  .huii.  This  -triH^tiir..  briiis  „f  th,. 
hydraulic  oarth-filh>d  typo,  the  tir>t  of  its  kin.i  in  Canada,  has  been  of  ^-reat  int  n-t  to 
tho  .■iipineerinK  profession,  and  I-     r.,bably  one  of  the  innst  uni.pie  .lam  strue-  i,, 

this  eountry.     Its  eonstrii.-tion  v..,.  authorized   by  thi>  dep:,rline,  •    bv  an  •  nt 

with  the  Vanoonver  I'ower  ('..nipany  dated  Manii  21.  i;)ln. 

Owing  to   very   streni ,   opposition    to   the   prupo-ed    tv, f   Mnic-iuK       .    ll,e 

authorities  01   the  municipal  eoun.il  of  Coquitlam  .-nd  the  oirv  <,f  New  W,  >tMun-ter 

this  department  ol      ^ned  the  be>t   po-siblo  expert  :hK  iee  1.  f./re  tli. inpanv-s  pl;,„« 

were  approved,  ai.  .  onstniction  operations  on  the  Wori<  u.i-,.  e„rri,-,l  u,  undrr  tb. 
eontmnous  inspeeti..n  of  Air.  II.  S.  Strona.-h.  ( loveniUH.nt  en-n„e,-.  a.'llni.  iii.d.r  tlie 
direction  of  Mr.  .1.  R.  Froenian.  consiiltiiifr  enfrin.  er  to  the  Itominion  C.^eri  ni.  .,t  !•, 
tb's  matter. 

Throufrhout  tho  eon-tnietion  perio.l  the  otiieer-  of  the  Vau.wuver  I'ower  ( '  .nipanv 
ebeertnlly  a.vepted  tlir  views  of  tlio  .l.partment  ivuardinL'  the  .iesifrn  of  tlie  Mnirtuiv 
airl  ad  v.ork  m  e.ini.petion  therewith.  I'arti.-iilar  mention  should  be  made  of  th,  \,  rv 
stn<-t  reMuirrinents  of  the  .lepartUHii|--  eon-nitiiiL'  euirinivr  in  iv-|„,.t  .,,■  ,i,,,b'r 
removal  trom  the  overflowed  m.iriiln-  of  tlie  iaiie.  which  tli,.  Van.-„iver  I'oWer  ( ',  inp  rv 
eomphed  with  at  nTv::t  evpeiiM-.  in  ..rder  tbiit  there  nii;;l,t  bo  ali-..inl,iv  le,  d..nbe  abou't 
the  purity  of  the  Co.iuitlam  lak,'  wal.r-  for  the  miiiii.-ip::!  water  sup:  ly  of  il...  ,.itv  of 
Xeu   U  estinin>ter. 

The  su<'ce>^''ni  .•..mpletion  of  the  dam  in  >ivl.'t  ,■: .hu-,-  «itl,  ll,e  d.  -in  -  ,.f  lb, 

departm.ait.  iii  complian.-e  with  departmental  .ondilio  ,d  il er..ii-  r,-,|,iire.,iriit- 

exacted  by  the  muiiici|.,d  autlioritie-:  of  th,-  ,-itv  ,,f  \.  \V,..|  mi.,-t,  r  ni  ,,,iii„  ,ti.,ii 
with   Its  municipal  uat.r  .-u|,ply.  intak,'  w,.rk-    ,  ».■..  i.     ,,,■  i-nt.,-,  Iv  t  ,  tb.^  ,.n"ii„.criii,' 

.•Hi.l  ,xe.-utiv,.  al,il;.y  ,,f   Mr.  Conway  a-  --.v^ulu,:..  em^in,,  r  I.,  tb,.  Van, ver  Power 

(  onipMiiy  ,,f  Vaiici'UViT.  B.C. 

Tb,-  ,l,.partm,-nl   i-  f..rtnnat,.    ;.,  l,.,vint;  :.        '  .ok-  mi,-!,  a  -al  i-fa,-t,,rv  ,-,  t  ,,i,  th,. 

»_o,p>itlain  dam  >lrii,-tnr,-  and  .!-  L,-n,-raI  ,,,,  .,-,ti,.n  ullh  tlu-  Vaii,-Muv,.r  l',.w,  r 
Ciiiipaiiy  >  i-onin!i-tc  pow,r  proje   . 

Owini:  t,)  til.-  iini,in,-  ,-liara,-t.-r  ,.f  tbi-  ,lan!  an,!  t--  tb,-  i;i-,  at  ii,t.-r.-t  it  ha-  .-.n-:,  ,1 
m  tbi-  ruffin.-erlmr  w,.rl,i.  I  tliink  th-it  Mr.  C.-uwav'.  ,-,-,, -rt  -b,.iil.l  Ic  p-ibl.-li,  ,1  -ni,I 
ma,l,-  availahb-  to  the  i„t,r...t.-.l  publi.-.  j  w,,„|.l  th,-r,-t,.r,.  r,  ,',,mm,n,|  th.  t  it'  be 
iaii,li-b.-,l  a-  Wat.-r   lu->,,ur,-,->   l'a|„-r   .\',,.    \:',. 

I  Ikim-  tlii>  iii'iainr  t,i  b,-.  -ir. 

^  ,,'ir  ,.b.-,|ii-nt  s.rvatit, 

•T.  P,.  Cir.\ I.I.IKS. 

Si'/''  rilll'  ll.hllf.    Dnlllllli,,!!     \\\ll,r    I'oil,  I     'il'ltnl,. 
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RKl'ORT  ON  TIIK  COQriTLAM-BnXTZEX  IIYDKO-EI.KCTHU'  UK.VKLOr- 

:me\t,  BRirrsri  coli'mbia. 

The  Coquitlam-Buiitzen  liyjro-clectrio  power  scheme  fur  the  supply  „f  elictrical 
energy  to  tlio  city  of  Vancouver  and  the  municipalities  of  tlie  lower  mainland  of 
i.ntish  ("olumbui,  is  owned  and  operated  by  the  Vancouver  Pcwer  Companv,  a  companv 
incorporated  under  the  previsions  of  the  "  Water  Clauses  Consolidation  Act,  1S!>7,"  of 
tlio  statuh^.  „f  British  Columbia,  a  subsidiary  company  of  the  British  Columbia 
Klectric  Railway  Company.  Limited,  which  controls  the  electric  railway,  liftht  and 
power  systems  in  the  cities  of  Vancuver,  Xew  Westminster.  Victoria  and  the  sur- 
rounding districts.  The  prowth  of  the  district  supply  durinp  the  decade  1!)00-10,  as 
shown  by  the  census  returns  is  indicated  by  an  incnase  in  the  p,.pulation  from  2fi,13.3 
to  WO.(m.  or  2S2  per  cent,  and  inclu.linff  the  surrounding  municipalities  the  increase 
was  .m  per  cent,  c.a.,  from  41,000  to  Ur,.(m.  The  estimated  population  within  the 
area  of  supply  is  now  approximately  2(K),(KK)  persons. 

Prior  to  the  year  1!K),T  the  requirements  of  th(>  district  were  served  by  a  small 
steam  plant,  but,  by  t.lie  active  sif:us  of  irrowth  that  were  in  evi.lence  at  that  time,  it 
«-;i-  i„.,.,.ssary  to  make  provision  for  an  entirely  new  plant  to  meet  the  requirements 
ot  the  developing  t.erritor.v,  and  the  utiiizati,.n  of  lakes  Coquitlam  and  Bunt/.Mi  for 
power  purposes  was  decided  upon  in  that  year. 

ORIfiTXAI,  m;VKI.OPMKNT. 

The  essential  feature  of  the  original  development  was  the  raising  of  Coquitlam 
lake  by  means  of  a  small  crib  dam  with  a  crest  level  of  443  feet  above  s,>a-level.  and 
delivering  the  water  so  stored  through  a  tunnel  due  west  of  the  lake  to  connect  with 
lake  Bunt/en  (formerly  called  lake  Jieautiful  or  Trout  lake),  a  distan.^e  of  about  2i 
miles,  and  from  there  deliverinff  the  water  throutrli  pi,K^  lines  un.ler  a  hca,|  of  about 
■■Wr,  feet  to  a  power-house  at  sea-level  (ui  the  north  arm  of  Biirrard  inl.t. 


Co<[uitUim  l.al-i'. 

'Ihis  lake,  which  is  the  main  sforape  riservoir  of  the  seiieme,  is  situated  in  town- 
ships 4.  .^  and  li.  rauKc  f!,  wvst  of  the  Vtli  meridian,  in  the  province  of  British  Columbia. 
'I  he  lake  is  about  seven  mil.s  i,,  leiitrth.  and  its  averafre  width  ulxuit  one-half  mile. 
Its  averape  summer  level  yy  ~r  to  the  buil.linR  of  the  small  crib  dam  at  its  outlet  was 
about  4;t2  fcvt  above  sea-lciel.  and  its  c  rininal  area  about  2.11)0  acres.  The  watershed 
which  is  formed  by  ^-ranitr  and  other  granitic  rocks  is  approximately  10,%  scpiare  miles, 
and  the  mountains  rise  precipitously  on  either  side  to  a  heifrht  varyiusr  fnmi  ;!,(K)0  feet 
to  (I.OiK)  feet.  The  trreat.-r  part  of  the  watershed  is  well  covered  with  heavy  timber, 
chielly  eediir  an>l  heinhiek,  with  some  tir  and  spruce.  The  Coquitlam  river  has  its 
source  in  n  small  lake  called  lake  Disappointment,  at  an  elevation  of  ;!,<)00  feet,  and 
fails  in  a  distance  of  about  l.T  miles  through  a  series  ot  narrow  canyons  and  water- 
falls to  the  lake  level. 

The  precipitation  over  tlie  walershr'd  has  avcrajred  for  the  Inst  eleven  ycais  LIS 
l,«.j       TI.«   .: ^    !..„•     _   .1     .  •     ,  .      -„ .  '      . 
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Tlic  winter  snows  over  tlie  watiTshed  are  heavy  and  remain  in  tlie  hifiher  parts 
of  the  mountains  until  hite  in  summer.  The  maximum  rate  of  i)rccipitation  recorded 
occurred  on  November  -r,,  1!K)9,  when  8-25  inches  of  rain  fell  in  twenty-four  hours, 
the  maximum  fall  in  ten  minutes  beinp  01  inches,  and  in  one  hour  (l-.'iC  inches. 

The  average  run-nff  as  determined  hy  observations  over  a  period  of  eight  or  nine 
years  is  about  1,00()  cubic  feet  per  second,  the  coefficient  of  run-off  being  about  73  per 
cent.  There  are  short  periods  during  the  winter  and  summer  mcniths  when  the  run-ofTs 
drop  cousiileriihly  below  the  average,  but  tliere  arc  no  extended  dry  periods  such  as 
obtain  further  inland.  The  maximum  recorded  rate  of  run-off  occurred  in  November, 
lf>0><,  and  amounted  to  12,200  cubic  feet  per  second.  The  maximum  recorded  run-off 
per  square  mile  of  drainage  area  is,  therefore,  116  cubic  feet  per  second. 

Coquitlatn  bike  was  projiosed  in  l*vS,'i  as  a  source  of  water  supi>ly  for  the  whole 
peninsula  between  the  Fraser  river  and  Burr^rd  inlet.  At  that  time  the  site  of  the 
present  city  of  Vanco\iver  was  still  covered  with  primeval  forest. 

About  that  period  the  (luestion  of  the  water  supply  of  the  city  of  X<w  Westmin:  ter 
was  under  consideration  by  some  ex-incinbers  of  the  Canadian  Ciovernuient  eugimer- 
irig  statf  in  British  Columbia,  and  a  comprehensive  scheme  jirepared  for  tiie  whole 
peninsula.  In  1^80  the  promoters  of  the  scbcnie  jirocured  an  Act  of  tiie  Legislature 
of  British  Columbia  incorporating  them  as  tiie  "  ('(Kiuitlani  Water  Works  Company. 
Limited."  and  one  of  the  incorporators,  Mr.  A.  K.  Hill,  M.  Inst.  C.K..  went  to  Kiigland 
ill  Sejitemiier,  lSS(i,  as  managing  director  of  the  company  in  an  eiidi  avour  to  ?eciire 
the  capital  necessary  to  construct  the  iiroposed  works.  He  was  unsiicce<>ful,  however, 
ill  satisfying  capitalists  of  the  wisdom  of  providing  at  a  large  cost  water  >up|ily  works 
for  tile  city  at  so  early  a  stage  in  its  history.  In  l'>Ss,  Mr.  Hill  prepared  for  his 
Company  an  estimate  of  tlie  cost  of  works  to  >iipply  the  city  of  Xew  Westniiii-ter  aloni'. 
The  system  was  designed  to  ineliide  a  ll-iiicli  steel  supply  pipe  T:«.  100  feet  in  length, 
a  -erviee  reservoir,  and  r.O.O(K)  fe(-t  of  cast-irim  distribution  jiipes.  Tliere  wa-  to  be 
1111  iiressiire  maintained  on  the  upper  levi'l  of  the  city.  The  eo>t  was  c-liiiiated  at 
.l!|!W.(HK1.  and  the  itoiuilation  at  tliat  time  within  the  area  of  sii|i|.Iy  w;i<  e>tiiiiiiti'(l  at 
.'"),l"N).  \  >iiiiill  surplus  of  revenue  was  e\iK  eted  to  a<'enie  fmni  tlir  (.|iir:iti..n  of  tli(^ 
system  at  the  outset.  .\s  this  estimate  showed  that  a  reasniiMbly  etliririit  water  wi.rk- 
eould  be  eon<f  meted  at  a  e.i-t  f;illiiiL'  within  tl,e  limits  of  the  lilKiii.-i;i1  re-,  lUfci  >  of 
the  city  at  tliat  tini".  and  also  that  ,-iieli  worl;~  would  pay  dir.M-tly  fn.ni  the  <X:w\.  the 

lity  eniincil  decided  to  iMnlertake  lb -tnieliMn  of  tlii^  -Vsteni  a-  a  '-ivi,.  iiitei  prisi', 

and  in  'March,  1^V>,  the  co.iiiril  ai-cpiirrd  liy  pureiia-e  fr.un  tlu'  CocpililMin  Water 
Works  Company  all  neci>ssary  and  siit!;rirnt  powers  to  (■(Uistrnef.  under  the  antliority 
of  tlii^  eoMipany's  charter,  work-  for  the  -u|M'ly  of  the  city  fr.on  ('.H|uitlani  lake. 
I'nder  an  agreement  the  Ci.ipiiiknii  Water  Work-  Cnnipany  iiLii-eed  (■■  L:r:uit  ami  -ell 
ii>-er  to  the  eoriioratieii  i,f  tin'  eitv  of  \ew  We-tinin-ter  so  nnn'li  of  tli.  ir  ri^ilit-  and 
intere-fs  a-  Would  allow  the  city  te  suiipjy  walc-r  within  the  city  limit-  a-  then  diline  I. 
or  a-  they  might  be  e\teiic|ed  in  the  fnliire.  the  eeinpany  re-erviinr  the  riulit  to  su)i|i!y 
water  to  any  ili-triefs  outside  the  city  liiuil-. 

i'l-ior  to  this  liate  ami  up  to  the  lime  that  tl.i'  new  wiU'ks  \,ere  plaee<l  in  operation, 
the  lity'-  water  suinily  had  been  drawn  friiin  w,i|-,  and  from  small  -|ii'iiig-l'ed  iilaiik- 
lined  tanks,  excavated  in  the  upper  -treet<.  from  whieli  the  water  wa-  led  in  -mall 
wroiight-ireii  pipes  to  <'on-uiiiers  on  the  lower  -lieets  where  the  population  wa-  eloe*',.' 
ri'sident.  Water  for  lire  pidteetlun  wa-  dr:.\vn  friuii  the  Fra-er  river,  or  in  eineriienr'ies 
from  -onie  of  the  tanks  aliovi>  nientlened.  or  rrum  others  -link  in  the  -treet-  in  the 
iieighboiirho'id  of  the  principal  bn-iiie<s  hfM'ks.  llie-e  being  ke|it  tilk'il  with  water 
piimperl  from  the  Fra-er  river  by  the  -team  lire  engine-  of  the  city  lire  deiiartment. 

In   .Inly,    l^-'.l,  a   stall  of  engineer-   was  employed   by   the  I'ily   ineil   to   prepare 

plans  and  s|ieeilieat  ions  for  a  sv-teni  of  wnrk<.  The-e  were  prepanil  duriiii!'  tin' 
remainder  of  !■'>'•'.  and  tenders  were  invited  upon  the  speeitieations  ju'epared  in 
Feiiriiai-y,  isiiii.  In  liie  nieanlinu'  a  \<  •■.\\\\  of  water  commissioners  hail  been  ciuistituted 
by  special  enaeinient.  and  the-e  eniuini--iciner-  took  otliee  on  February  1,  l*"!!!'.     On 
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TliP  iipstri'iuii  aitil  (loWTistri'iitii  to,-,  nf  the  diim  aro  finiicMl  nf  noavv  oyoi,  ..^  ,n 
rublili'.  while  the  rriiiaiiidrr  is  of  liyilraiilii'  illy  sliii.'id  inatrial.  1!  tti  slor>i"'=  arp 
envoH'd  witli  lii'avy  rip-rap.  aii<l  on  tln'  ra-t  -iili'  a  l.w  cdiKriti-  <■  .re  wall  w:  -  liuilt  on 
a  granite  fouinlation  aloiifr  tlii>  lonsritialiiiil  axis  of  tlic  darn. 

SpiUirnt). 

Tho  sjiillway  is  lo"atiil  at  the  i'a«t  I'lid  of  tlii'  daiii.  ami  was  cut  tliroiigli  a  ledge 
of  solid  ^'ranite.  Tln'  nidtli  of  tlie  cut  at  tlio  ciifrancc  i~  u'.'-H  fcit  and  tainTs  to  I».'i 
fcot  at  the  low  r  end  in  a  IcriL'tli  of  l.'.n  fi  if.  The  main  tloor  of  the  s])illw'ay  was  cut 
down   to   Ml,  .'iiij.  iiml  aci'o--  tin-  intrance  .-i    tKc  -pilhvay  a  c  iicretc  -\\\  was  plae  d  at 


(''»|uitlMlli  ll.ini.      \uu   looUiiis  «,i,i  -Ikh      I'.' I '.i,|iiitlalci  Mini  S|,i1I«    v. 

Kl.  .Ml.",  r,.,.t  ,.r  !.■,  f,ct  l.elow  thi'  civ-t  of  tla-  dam.     T!  r  ea-ae'ty  ot  spillway  was 

desi;;ncil   >o   tliat    it   woiilil  havi>   a   di-rliirire   when    runninpr   7   feet   ih  en   .ait   the  sill 

■'ipial  to  the  niaNiinuin  rcordeil  ll I.  or  ahout  12.nrin  cnhie  fi^'t  per  see.ind.     The  ppill- 

way  rnit  invoUi  (1  an  e>;e,-i\  ation  of  ..ver  T.",.iii'il  i-iiliii^  vav,l-.  of  whi'-h  ali  at  '<'■''  m'"  vards 

U    1~    -  .lid    -oel;. 


Shi'i-i'  Tinni'J  iiih!  A  i'iiri"i'li   iliiriii'i  V"'  ('on<lri'cli"ii  ■  f  Un-  Ihuii. 

Till'  oiitll  iw  I'l-oiii  ill,'  lake  was  eavrie.l  around  iIh'  dam  -ile  m  a  tnnnel  d'-iveu 
lliroiiLdi  til,'  I,  ibc  under  tlie  -))ill\\ay.  Tlii-  tiiiini'l  i-  lim  fe.  t  in  ieirjth.  and  has  n 
sectional   area   ••(  111'  -ipiar,'  fe,.t.     Th,^  cl,-ar  wi,llh   i-  i'*',   f,  et.   an,l   lh,'   h   ii;ht  is  T«J 


teet   to   the  I'cntre  ot   tlie  root,  which   is  »eiiii-'': reiilar   in   torni.       I  ho  t' 
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fUPA,ry,.sr  m  the  nn.„,or 


floor  at  elevation  5n  „!^       u      "^  '"''''■'■  ''*  s"rmou,.to,J  bv  .,  n^  '  '"'"^  '""''''  ' 
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'nto  the  tunnel     The  1^  "'  "*  ""^  '""•""..diate  tl.  or  Wl    if'"*'*"''  ^"'J  " 

"P  of  I-bcamr,n  I  .   T"""^'  '"  'f"-  ff'^nt  wall  em  hn  1         '^^'''.  d'-«'l>argi„s  direet 

"ged  for  operating  the  three  m„i 
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<-<oe  Plate  Xo    o^      th'  'i"   "■";'  ^■''''  '"  the  lake  ,,l,M,t        ri    f  T"     '^'^  '""•"■•  •'"'It 
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■..«ii«ic?^'  j3iSK^>s£:'-'.'<  ' -.fe^irj^sii^- ;  - 

--  T^-r^v 

-'    ~    X   1 

1                           •-  '■•'  '■   -^^^^r-  ■^7,v--y    .;-.v;   ----- 

^i-     -;                   :>"^.;  «;  •  - 

■■ ;  ""   "     ""  t:..      .;             ";" 

p.                                         -     --^-r-         -^^™^™^^jyj.r-r-^.                       ,^-,.  =„-^ 

-«---    _   :,^-.  ■       .,.,^^^-. 

■  -  ■■—•.•-    - .  -T—t  — ~-,--f3ri  .'•-  -n»"7'^  -r?  t-  - 

c-  -•'^- v-ins-:- -■• 
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rniPAKTMEM  or  riiy.  istkhkw 


S  tij^jrt  j;i'1j:r- :::;:r:::£:;'i;vr;  -'  ^r-^-  --  --'^  -^-• 

t.rc„„.h  Pravd  a„.l  1. .,..     In     h"l  Zn  U        T  'f  '-'^  ^""-  "^'^'•'^  '»  P^--^ 

-'-.  -arry  the  water  to  ti.o  cit^  o/:i^v  w;::;;I,i;I^e:      "  ''  ""'"^^  '"  """"">  ''-- 

Tunnel  Driving. 

ivo^pt;';;::^'!!.:-!"];;;::^^^  ,;;;-■■'  -  — -.' .-r  0,,..... 

from  the  several  faees.     O,;.  „f    h     J,,ft.  wV     •    ^"'''''■■/"""■^'-  =""'  "  "'^^  ^"'^eri 
■rn.anent  inspection  shaft.     The  .Ini,      f   „    T  ,  ■^'"'  '^"""'^t''  ^o  "s  to  form  a 

^.1-  hoth  ways  from  the  hrea  p  J  /,  l":^;;;^  ''--  f-'"  the  upper  fac,  „„d 
jvater  supply  tunnel.  The  tnnnel  w,  ?1  ll  ''":V'''^  '':""*  "'"■■•"  "  ""^^^'S  over  the 
.;.."  inchule,!  tiu.  whole  tnnn  tlo     •!   ;.';;:,"'  '■ '"  '"'"'f.'"'-'  •^"''  "  '"-■''•  t^^'  I-  d! 

tl.o  beneh  was  .5  fe..t  ,|eep.     Mo.t   7th     r  n       ^"'""P,"''?  l>"e  of  the  arche.I  roof,  and 

ContlnicfwH  Mcllu„ls. 

i.  ;'"'wi:;:;:noo^.^^i,'::,:;r-^^^^      • ^'^"--»  -^  • --.  -•>  started 

-d  >t  was  neeessary  to  elear  aUut  Z ^^  2^0^?""'  "'"'  ''"'^'^  ^■'^^'"  ^^-t 
-ta>-fe.l.     l)„r,n^^  the  wint.T  of  1!.„.|  .,  „ m m o  ,  .      "  cmstniofon  work  eould  be 

of  I!)10  the  stripping  of  the  dan    /  u'  ^  '  'irf  .T"  ''"'"'''''''''  '""'  '"  »'"•  ^^-""^ 

channel  conneetinp  the  slnie.  tower  w  ,^1  '  Ak  '  *"'  '"■"T^'"^'""  "f  ""^  ''iv'Tsion 
work  was  done  by  the  hy  iraulio  proeel  „  th  l^hV"*'"',  '"'  ''  *'"^  "■^^^'^■"*-" 
=  be  work  was  in  pro.-ress  o„  the  nppeV  por  'n  If  M  ''T''' ""-^ ''''^^^^^f"''  ^^'l"  >' 
y;|nls  of  material  were  removed  in  ' ne  week  h  „bL  'l-^"  '  "  "'"''  ."^  ^'-""^  '^•■'-• 
Ins  work  was  done  with  one  n.onitor  dSe  , J  1  ,  eJ-  """t  '";'"''''  ""^'^"■^  ^'"■'^■ 
mi.ier  a  pressure  of  1 ,0  pounds  per  squar^  u  h    ttl  ,"       ''  ^^  "'"'"  ""^  ^'^''"■"l 

of  3  per  cent.  I„  the  ...veavation  of  the  ^  'l  t/'r  '  ""  "'""'"  '^^"""^  "  ^"•^'■ 
•Npenenced  on  ace  ,unt  of  the  verv  low  flume  ar-^d.  U  •  Tl'"'"-  '''"''^  '"'^'''"'t.^  ^'••is 
'••"■oi'Mtered  made  it  necessary  wl/e,re'.,fir.f '''''"''"•  "'"'  ^'o  I'cavy  material, 
f;  -e  hydraulic  elevators,  to  'nl:      h  "lu      d'^,    "  n'f  ""  "',  ^''";  ^"^"'^•""  '"'-->' 

"  ''""■'•'*  '-»  "• ••  t"  1:.'  teot.  depending',;,       ,,f*"^''  /"■""•  *''«  """^  of  the  channel 

cut.     This  fluu.e  was  run  on  a  «rnde  o   1      ■>  '    ""'  ''"■■'"  >""' -t-"icd  into  the 

»^'vat  care  in  the  grading  of  the  i."!,"  ''.'•■■  i  "'"'  ''  ""^  """'^-"'^  ^"  >'- 
tli>'  flumes.  '"""'  '"•"^•■•'al  m  order  to  prevent  the  clog-nng  of 

*■  ":;::■» ";:"';:;.:!;;:::?  ,:s::,;:r;:; r-  -"r  • -  — «-"™  -< 

••■•pro.lu.-tion  on  pa-.e  l")  so  ■,  ,,";"*'"".  ^^"'^'^  ^^as  done  over  the  who!..  .;,,.  (^,.,. 
'''^"Is    ..f   the    work    were   eon,plet,    I     ,„     ,  '""'     •'"■'""ry,     l!.ll.     ,ha,    ,l,e    „„i„ 

oi.tain;d.';:ti;;:tt:;;::;:tr  trlhtTS  ""^  ":•""•  "^^  --  --'^ 

excavation  of  the  spillway  and  npproae    d.       .     "  '    !'  "'':r-f  ".',"r.-  "'"1  •'^1-  from  the 

t"c.  ,t  was  ue,.,...ary  i„,  ,1, ,pa    v   to  '  ;,      ^/l^;"^  *'"  l""Wi"(f  "f  the  upstream 

ol.rained   in  the  earlv  stapes  of  tew  '. ''"•"".  "l''"'""^''   water  storage.     This  was 
.      tap.s  of  the  «ork  by   ra.s.ng  the  old  dam   by  n„.ans  of  fl.,.!, 
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>."i:i(!  -L>.i 


wmm. 


ao 


ini'\RTME\T  OF  rut:  isTKitinn 


boards,  aftrrwards  liackiti"-  it  with  rr>..L-  «li  „„j    i    ■  •         • 

At  a  further  .t.Ro  n  ^  r^Jro.s  of  til  u  L  ''7r''.'''"-';  "''''"''""  "^  '^'  "'^  <'"-"• 
raisinjrtho„pstr;^m"o  andS^in.ir  ""'^f <l'""";'l  ^frapo  was  obtained  by 
with  «l.i..od  matorki  Bv  thi  mo.,  ?o  '''''  ^''""''"  *'',V''''  '''""  """^  *'"«  "^^  toe 
of  1011  and  m.  to  obtat  In  adXrnJ'isTr Js^;'::;::''^  ""^'"-  *'"^  '^^  ~ 

obtai^d  for  the  f,ur::;:;r  ^:^:::^:^^7S::T  ^tn^T'-  t''  t 

opened  up  was  situated  downstrean,  from  the  dam  ofthJtsf ;  d^e      r^e^nV;^ 


C,K,uitla„.  I.,.,„.-Tre«tle  oanying  Flume  f„,„,  No  ,  ,5.,^^,,.  Pit  over  S„illw,y. 

immediately  to  the  northeast  of  ti.c  site  of  the  s]ui,.e  tow-r     Tl,  *     •  ,  •       , 

on  the  west  bank  consisted  ronffhlv  nf  ''.O  LI     "'"'^,'^""-     T  ..■  m.t.rial  m  the  pit 

per  eent  of  sand,  .ravel  and  krSluIdl'  I„  ,1       "     "   •'"'""'  "'"'  '"'^  "'"'"^  ''« 


^' 


■f-    . 


~1„ 


"TT'I  .  .  <Sri 


LiC  ^  'r^''^SLKMK<nmi;atT.  vpwjHrrzM 
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The  clMy  in  these  two  pi'     was  very  simih.r  to  the  einys  in  the  fo.'.mlntion  of  the 
dam.     Ihe  analyses  of  two  nnu.npr  other  snnipl,>s  slicws  it  to  be  compose,!  as  follows:— 


SilU-A 

Aliiniinu   

Iron  a^  Ktrric  Oxidi' 

Lime 

Mii)(nt'si;i 

AlkalifH  . 
C4»mbined  water  .... 


No.  1, 


Note.— The  above  analyses  were  made  on  samples  dried  at  100°C. 


No.  S. 


mi  .SO 

111  T'l 

Iti  <rj 

\7  M 

7  84 

7  <W 

•I  ti 

5  IKI 

3  X, 

2  a-2 

:<  till 

I  42 

;<  40 

4  ;*) 

From  .MM.ii.iete  analyses  th:it  were  nia.ic  (s.v  ii'iMn.lix  \,..  1  to  this  report)  it 
will  l„.  >,.,.„  that  the  material  is  an  ideal  on.,  for  forniinf.'  a  wat.r-tiL-ht  .lam  ami 
prove,!  in  the  eonstruetion  of  the  work  an  almost  idea!  one  to  obtain  proper  consolida- 
tion, water-tightness  and  satisfactory  drainage  during  settlement. 

The  g,.riera!    layout   of  the  Hume  is   well    illustrate,]   in   reproduction     ,., )0 

and  need  not  be  descrilM^d  in  detail.  The  main  grade  of  the  chief  flume  li.i.^s  was 
about  4  per  cent,  and  the  flumes  were  all  of  unif,.rm  pattern,  being  built  of  two  1-inch 
by  12-meh  planks  on  the  bottom  and  two  1-inch  by  O-inch  planks  on  each  side.  Tliey 
were  lined  on  the  bottom  with  6-inch  hemlock  blo.'ks  placcl  on  end  and  there  was  also 
a  1-inch  hy  fi-mch  plank  nailed  along  each  side  of  the  flume  above  the  blocks  to  protect 
tlie  side?.  The  bents  supporting  the  flumes  were  built  of  6-ineh  bv  6-ineh  posts  caps 
and  stringers  for  the  first  deck;  for  the  second  dork,  4-inch  bv  4-inch  posts  an,!  caps 
and  0-inch  by  6-inch  stringers  were  us,.d.  Tlie  bents  were  an  average  distance  of  16 
feet  apart,  the  lumber  used  being  hemlock  sawn  on  the  sp,.t  at  a  saw-mill  erected  for 
the  purpose.  These  flume  lines  stood  up  verj-  well  throughout  the  whole  of  th(>  work 
the  bb.ck  lining  adopted  being  very  satisfactory;  in  fact,  except  in  the  case  of  the 
flume  from  the  borrow  pit  on  the  northca-t  side,  they  required  merely  occasional 
patching;  that  on  the  northeast  side  had  t  •  be  renewed  once  after  havin"  carried 
approximately  150.000  cubic  yards  of  mater  ,1.  The  material  was  d.posit'd  in  the 
dam  tlirough  24-inch  by  24-iiich  openings  in  :l,o  sides  ,)f  the  flumes  along  the  slopes- 
thes.-  openings  had  each  an  adjustable  timber  gate,  which  was  liftcl  and  placed  a.Toss 
the  flume  just  below  the  opening,  thus  diverting  tlic  stream  through  them  and  deposit- 
ing the  material  at  any  required  point,  as  the  slope  was  built  up,  lateral  flunus  were 
laid  from  these  openings  towards  the  centre  of  the  dam. 

The  pumping  plant  consisted  of  two  Dayton  centrifugal  three-stage  pumps  with 
in-inch  suction,  8-inch  discharge,  working  at  1.^)0  pounds  pressure,  rated  to  d.liver  4 
cubic  feet  per  second;  two  Byron-.Tackson  three-stage,  centrifugal  pumps,  10-inch 
suction  and  10-iiich  dis.'harge.  rate.l  lo  deliver  7i  cubic  feet  per  second;  ami  one 
Worthington  three-stage  centrifugal  pump  rated  to  discharge  4  cubic  feet  per  sociid. 
'I'hese  pumps  were  driven  by  five  electric  motors  having  a  combined  capacity  of  1,125 
Iiorse-power. 

Ball-bearing  monitors  or  giants  with  4-inch  and  oJ-inch  nozzles,  fitti',1  and  eon- 
trolled  by  the  IFendy  deflector  were  used  under  a  pressure  of  about  SO  pounds  i)er 
=:quare  inch  at  the  nozzle.  Those  delivered  for  sluicing  operations  215,000,000  cubic 
feet  of  water  during  the  actual  dam  construction.  The  total  quantity  of  material  in 
the  dam  amounted  to  544,710  cubic  yards.  In  addition  to  this  quantity  about  40.000 
yards  of  material  were  sluiced  in  front  of  the  old  dam  for  the  purpose  of  gainin? 
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.-l,liH,„,al   st,,n,.o  ,l„ri„.  ,ho  ..„„stru,.,io„   .,f  „„.  w„rk.     Of  tl,o  t...,l   .,„.„tity  o< 


ni 

on 


addition  to  tlii.s  iiiatcrial  tlicrp  wpr,.  11(1'>i;a  ,.,,i  •,         i       ,•  i 

dam  w-,^  i-ma  ■  '•"'"^'''^~-  ^  f'^'  avcra^o  quantity  of  mat.rial  sluic-d  into  thp 
dam  « as  4. .400  ,.„b„.  yards  por  month  from  O.tobor  V.  101--  to  .Tulv  /l  -!  If 
P  oatost  nannfty  I,.,,..  TTJOO  .„bio  yards  during  Januarv.  Wn  '  '''    '  '  "    '•  *^° 

<  iMJu;  yards  per  day 


an  avprage  of  2,500 


?'•, 
<-._. 
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Avi-iuKe     IT.HXliul.ic  yiii'.ls  |..r  i itli. 

The  total  iiiiml)cr  i.f  ilays  in  wliidi  .lui,.ii:}T  wa-  rnrri. d  ..n  with  tw.i  shifts  of  ton 
hours  each  was  i'M\.  iiicliuled  in  whidi  time  were  pirioils  iipeessary  fur  remoyiiip  and 
repairing  tluinos.  Tlie  porc.ntajjv  nf  soli,ls  to  water  carried  from  thi.  pits  amounted 
to  ti-U  per  cent,  tliis  jiereentaije  representing;  .".•SO  per  ei  iit  of  ,=oli(i  material  as 
measured  in  jilare  in  the  dam. 

In  the  early  stajres  of  sluieing  the  hydraiili.'  f.il  hetween  the  roek  toes,  the  dei>th 
of  the  pond  into  which  the  clay  was  slnieed,  varied  hetween  U  feet  and  11  feet.  This 
depth  was  dt,  rea>ed  to  7  feet  in  Jaiaiary,  191.".,  and  .s  feet  in  Fehniary.  As  the  dam 
rose  the  .  ond  was  kept  very  shallow— not  more  than  7  inches  or  8  inches  in  depth. 
The  wat<'r  was  drawn  off  from  the  settling:  pond  liy  means  of  an  over-How  channel  on 
the  downstream  slope.  This  channel  was  hiiilt  of  l-ineh  hy  12-inch  planks  at  the 
.-ides,  and  its  width  was  4  feet.  The  hottom  of  the  over-How  channel  was  filled  with 
boulders  and  heavy  stones,  while  the  sides  were  kept  level  with  the  dnwiistream  slope 
of  the  dam.  On  completion  of  the  sluicing  the  over-tlow  channel  was  tilled  up  with 
heavy  rip-rap. 

In  January,  lOl.",  when  tlie  h\ilraulic  till  had  reached  elevation  liW.  the  resident 
inspeetiuff  engiiu^cr  put  a  hore  through  'nto  the  clay  in  order  to  ascertain  the  condi- 
tion of  the  impervious  portion  of  the  tih.  Tln'  following  is  a  record  of  the  specific 
gravity  aiul  percentage  of  moi-ture  found  in  the  samiiles  x-cnrcd,  ns  tested  mider  the 
direcrii.n  ..f   Dr.  Sliutt  ..I   Ottawa  :-- 


.Siii.|il,'  C.ll.cti-d  In.iii  i;i.-\ath 


I'l-ro-nta^ft'  ..f  Water. 


4';s 

lO-J 

4.",S 

4."i4 

4.-.0 

44(1 

44L' 

4:« 

4.i4 

4HI> 

4'2li 

.SiH'citii'  (■r.i\  ity. 


L'.s  lis 

1-7!W 

■J7:t!i 

1-842 

■>i  '.14 

1  871 

■2H  7s 

I  7fia 

•jrn;-; 

1  853 

•-'4  17 

I  844 

i".  i.i 

1  8j9 

■27  r^ 

1  821 

2H-J4 

1  814 

«1  4.'? 

1  740 

•„'4mi 

1  841 

94 
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tl";    wV        r  ■"  ".'  ""''"l"'  '■'"■■  ""■^'"""-     '^'"^  '""■  '"■"•'•"tnPe  of  water,  n, 


Mo  nsrh  ;,n.)  UM.form  spmho  gravity  „f  th.>  fill  .howod  thnt  tho  .Irainin^  out  n.ul'.o 
ol,.l„t,o„  of  ,ho  hv.ln.uh.  KM  wa,  v.-r,-  snti.fao,„r.v.  Alth.,,,,.},  00].^  won  e  \v 
rx,H.r,o„,..d  dunnp:  .,„„o  periods  when  the  hydrauli..  .luioi,,^  w„.  goin^o,  1 
t.'.uperntMro  fall,„^  dur.„«  Januarj-,  l!)i:5.  to  11  d.^rees  Fahr..  no  troubfc  was  e"po 
e.i.'.Nl  from  tl.e  f reeznig  of  the  pond  or  of  any  of  the  material. 

Lnkii  Clearing. 
For  the  proteetion   of  t!.,-   Westn.in.ter  water  supply.   ,he  enmpanv  carried  o, 
oxtens.ve  elearn,^  operat,„„s  on  the  shores  s„rro.ndin..  the  lake  whieh' were     over. 


..Jb^ 


■»^^^1^r' 


Cixinitl.iiii  Hail].  — Luk.-  Cl.iwii,:.'  ()|,.r.itin,w. 

with  a  heavy  srou-th  of  ee.h.r  and  henilo.-L  For  a  di^tau...  of  over  thre..  miles  above 
he  .ntake  the  whole  of  the  land  to  be  Hooded  was  eleared  an.l  the  s.nn.ps  saw,  elo  0 
o  he  proun.l.  1  he  elean,,;,  over  this  se-,io„  was  eompletely  ,lone  to  elevation  nO. 
4  0  "V"":":'7  ""'  ";!'■^'••''^•>  *'"^  "■•■"''^  -f  f^e  shores  have  been  eleared  to  e  ovation' 
ni„sive%;b  ""  "  I'-l  -:o...pl.-ely  eleare.l  amounts  to  approximately  T.-.O  ae  e" 
<   usne  of  the  area  surrouud.n^  the  dam  site.     This  work  proved  enormously  diftieul 

to  V.4.t.->().     The  lowos,  oost  for  eleanu«  was  about  *;;.-.n  an  a-  re.  while  se.'tions  of  the 
wk  „,  swa.nps  whon.  the  „„,her  was  deeayed  au,I  heavy m  as  mueh  as  ,$"..«;;!  ^ 

In  earryius-  out  these  operations  whieh  were  hru'uu   in    ^rar..h.   1011    a  emn.  was 
built  on  the  west  shore  of  th.>  b.l-e  el-s,,  .,,  fi,-.  ■.,.^..^..  „f  ,,     p        .  ."       '   '  ''  '^■'"'''  "'V^ 

■ '   '''^■•-•- -'f  tho  (  oquit:,ur.-r.ui.I/.en  limiiel. 


rni^l  ITI.WI  III  \TXt:\  HVhHO  F.I.KITIlll-  IlEVKl.oniEST 


25 


This  ramp  was  ciipable  of  nocomniouatinp  .KJO  nun,  mid  piirticiilar  can-  wa-s  obsorvcd 
repardiiij?  the  sanitation,  .■  drainajro  sytcm  Iwitip  installrd  thrniiphoiit  the  namp,  and 
a  sewer  .•onnrction  made  to  the  lake  Biintz-ti  tunnel  at  a  point  behind  the  control 
gates,  so  that  no  ^ewaire  eoiild  possibly  find  its  wa.v  '"nto  f'o.initlam  lake.  An  ineiner- 
ator  was  also  built  and  all  eamp  and  eookhouse  wastes  earefuily  Inirned  in  it.  For  thf; 
use  of  the  men  w  irking  on  the  land  to  be  r-lcared.  canvas  houses  with  zinc  conveniences 
were  supplied,  the  foreman  of  eacii  erew  beinir  hil<l  responsible  for  tiie  Rood  eonduot 
of  his  men.  These  houses  were  moved  forward  as  the  work  advanced,  buckets  bein;? 
changed  twice  each  week  and  their  contents  burned  in  the  incinerator.  Ry  careful 
supervision  of  the  sanitary  requirements  no  trouble  what<>ver  was  experienced,  althpuph 
as  many  as  six  hundred  men  were  employed  on  the  work. 

Where  the  timber  was  small  all  the  clearing  was  done  by  hand,  but  with  the  heavy 
timlier  areas  donkey  engines  were  used.  The  underbru>h  and  scrub  timber  was  piled 
and  burned.  The  mercantile  timber  was  left  on  the  grcmd,  licin;:  fbinded  off  at  a 
Inter  date  when  the  lake  level  was  raised.  The  work  was  abandoned  owing  to  snow 
during  the  winter  of  lt>ll.  and  renewed  again  in  the  sprinir  of  lUli'  when  two  addi- 
tional camps  were  built,  one  at  tlie  norlh  end  of  the  lake  capable  of  accommodating 
2(K)  men,  and  one  on  the  east  sliore  north  of  the  ('oc|uithini-Huiitzen  tuiuu^l  capable  of 
accommodating  l."iO  men.  At  tlie  camp  to  the  n..rth  of  the  lake  an  incinerator  was 
also  built  and  all  refuse  burned  in  it,  while  the  refuse  from  camp  Xo.  ;!.  on  the  cast 
side  of  the  lake,  was  placed  in  zinc  buckets  aiul  burned  at  the  camii  at  the  Coquitlam- 
Buntzen  tunnel  portal. 

For  the  purpose  of  clearing,  a  steam  tug  M  feet  in  length  was  built  at  the  lake, 
aiul  was  us(><l  fir  taking  the  men  to  and  from  their  work,  and  aisu  fnr  towins  scows 
and  log  booms  up  and  down  the  lake. 

For  the  purpose  of  taking  out  the  merchautal'le  bitrs.  a  li.'iiiiiiL'-  railway  was  con- 
struct.'d  from  the  south  eiul  of  the  lake  to  Port  M,i,idy.  a  di-fiinee  of  aboi'it  «  miles, 
and  a  large  number  of  bijrs  were  taken  out  iliiring  the  si>as.iu  ..f  1!I14. 


Curiililii}ii  of  ir<(/<')-  .S'»/i/)/)/, 

The  following  analysis   taken    ininiediately   after   the  cnmi'letion   of   the 
typical  of  the  water  supply: — 

Watkh  .Vnu.vsis  -October  1>,  10]:;. 
(Parts  jier  niilliuii.  I 

Phusi'ftt/  Erninntntutii.    - 

'  1.  Tiirliiility 

2.  Keactiuii. . 

.'t.  Sni.-ll 

4.  T:iKti- [\    '      '    '\   "'".'..'.. 

."».  Stniiuient    

II.  Ci.Ioi 


dam  is 


Clltlttif'tl  Ex'l hii niltinn.  — 

1.  Alruniiniit.  flic,  *'.\|irH-,seil  as  Nitnii^t'h    .. 

2.  .-\niiiiiiiii.i  AUuirin'iiiiiii,  t'\|ires.-.i'(i  as  Niirngi'ii 
'^  Nitrarf>.  f\pit>,stMl  as  Niriiitri'n 

4.  .Nifritfs 

•"i.  ('hli.niii' 

<i.  Hiirilm-s.s,  tiital,  f\i»l""ss»'(l  as  ( 'a( » 

7.  Hardness,  iii-riiianriit 

5.  HaniiH'ss,  ti'liiihirary 

!l.  Owpii  <un>iiiii.'il,  t  hours  at  ;!7°'^ 

P».  OwLTi-n  f-<iiisniiii-(],  :i  niiiniti-s  at  :*"■'< '   . 

11.  .S.ilirli..  total    

IL'.  S.ilals  volatile 

i:i.  .Siili.l..,  Kxeil      

14.  Poisoninif.  niHtals 


X, 

II1I-. 

.\ 

Mitral 

.\. 

■111'. 

i;i 

ikI. 

SI 

Wl.t. 

:(0 

II  "ill 

117 

ml 

.\i 

111'. 

;s 

L'4 

.» 

Lit 

1 

4(t 

SO 

4 

18 

K 

111 

None. 

AfirroKrit/iir  E.fnni  tint  inn. — 

VVgptaMf  Hhp'w  and  ciy^t;inin»'  matter. 

Biofof/icit/  Ejeaiitimittim.  -- 

N>!>nl>f  r  'A  Wjl'jiK^t'x^  jjit  c.t; 

l'r«'«uniptivt*  tt'st  f(ir  Colon  liacilli   .    . . . 


Nejfative. 
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i>i.i:\iiiMh:\i  or  riih:  i\ri:in<nt 


0-.     r„  spite  of  tlu.  fa,.t  thar:^-^,    ',,';:,::;;;;,'';  •'"  --•; -'l-nt  40  or  no  p. 
"-<..-ly  n,W  were  en,pl„ye.l  o„  lake  elear     1.  ',  ,      '      "'^  """"  "'?  ^^"^'^^-  "f  ^^-l"" 


oriraiiisiii.-  were  (li>i' 


^■-data■::■^l:::'■'r..;i;r:,''''7■^^''''■""'"''^"'"^ 


ii-ti-iii-ti..!i  of  tlie  works. 


■Mia. 'lied   to  tlii^  report  will  1„.  f,,n„,]    ,   ..  .  •    , »on.s. 

♦'"•  -'"■'■  '■'•  ••■"i"i.Nu„'iake  t  ,  h  V .;:,;:;:"  ,:!'i""'  ;■■■"'' ^'"  !''^ -">''-•' ° 

'■■'■.V,  au.l  .|,.,w.  tiiat  ,l,e  ,-iU-X  „r  ,to  '    V,  ,  .  •' •   ''"'""■'   ''   ^■"'^■^-  ^^"'^f^'^ 


Miitlaiii   lake. 

Ehiiiir   /',iir,r  for    lloc/.v. 
A  tra„-mi.sio„   li,„>  „,„  ,,„i„   |..,„„  ,|,„  , ^,^^^^^,^  ^_,^^^__ 


tni„>ter  jMMetion  to  the   -ire  „f  tile  u„rl-    ■     ,„  u  .  ..an-nn--„,„    .y.tem   at   \Vo>l 

tra.isfonn,.,!  .hnvn  to  L'.l'Oo    ^).>„  .„„|   no  V      '""';  "''^  t'-^'";»Htte,|  at  .■i4..im)  volt,  an 

'■-o,l   for,].. posit i„j;  ro,.k  ;„  ,l,e  U.r<J  I  '"""''ll^    'I'-'ven.   a,„l   the   two  ..ahh.way 

■  u  n„    to,,  of   ih,.  ,laM,  w,.,v  ,,p,.rate,l  l>p  .-hM-tri,.  n„,t,,rs. 


<'".,l  ITr.WI-UI  MZKV     IIM.IUI   l.lc    Tl  N.Ni;,,. 

<>ri:/l,HiJ   Tiiiiinl. 


it  t,> 
f 


--a,iop,e,i.  1  w-;i,4;    ,:;■'•';;''';'' ' "  ''■•■*  '■>•  =•  '--f  -ti,  ro„„,h., r,,,. 

::;:;•:;•-;•:;;;::„,- -"■■':--;:;l-::.::::1^.^t:;' -;::,»:,--; 

luihirnniinit  .,[  !/,,■  Tunnel 

.« 'ln:i'!or"r"i::r::;;!  r;:i:f?"''  ^^r  'I'-r"  "■"'  ""■'^''-  -— -  '-• 

.■•^f.-ioMs  to  plant  X."  Mo         ,    "    ^r;!;"^"  "''"■'   ";■''''"  "'"'"'•  ""   --H>nt  of 
-li^triet  around  xJou^rtou^T  I        .     t  T""'  ;'"':' '""*  "'"^  «■•""">  "^  "'<-' 

a  very  short  ti.ne  .■^.t;:d^;:;;;.:r;:i;::;St; ,  'lit: S'^'ti';  '"^7  r-"''  '•• 

Sntion  It  was  (  e,NMe(l  th^it  the  evi  t;„„   i       i  ti  nni'l.     .\,f,.r  earetul  inv(wti- 

as  to  ,„ili.o  nhnost  the  ;  ,t  ire  nu^^'TT^'V'''^  '"'  ^•?""''"^'''''^'  ''■''-■*^-'  - 
of   <1-  ('.".uitla„-n„nt.en   t unn         ,,  '"";"      •'  "■'''•.-^■^'"■''-     '''''-'  oniar.^en.ent 

^tora^e  eapa,.i,y  of  CN..,„ith„l'\;''',;V;;'^  ■•':':''';■'  "f    ^'   ''-"    to    inerease    the 
proKra,Mn,e.     Work   o,    the  enle  ,.,,,,    ,,'','      """"  "  '""■*  "^  ''"'  """'"'""■ 

nK..h.,,lofenlar.,.n,entad,,p     n;T;.N^e^^^^^^^^  "- 

out  enough  roek  on  ,.a,.h  4h    „f  .he  t„  ''"'"'    ,  """""1.  "■li"'l'"onsisted  of  taking 

to  the  roof.  we.l,.i„Vthe  e    i„l    r.     er        l;    T""  '   "  ''""'^  '"  "■'  '"■"^■•^-  ^'"''-"'^  '-'"^o 

"•'>"  Pla.es  an,!  ,  o.,s  I    ^^/.^.^  ', rtTl,    P        ,     ■",'""'  -.m''  "'^"  ^"P<'"rtin.'  the  en.Is  on 

•'  f.-t  apart.  a„,l  a  fl.^     ,    V";! ^  J  "i nl't  J'^'"      "'-?;"•'--  —  plneed  ahont 

to  the  tunnel  roof.     IJv  ,„,■„,,     •     '         *'"  '''.•■^V'"'    ""'  '""'"  "•^""  ""^"'  "''^^'^  "P 

on    in    ho.h   direetions   fro  :^n      'M    .5"-  "'''''^-  ''^T'"'^  ^^^'^  '■"■''-l 

hen,linL's  were  no...L-,..!  ■•.,'     •■   V  .      .  "'."'^."•'',     "^  was   praefeahle.      Theseve,-,,! 

Iloor  ti.nlH-rs  direetlv  in'  front  of'l'h,   ,'n,!T''-|"     t,  •""•"",'  '"''""  ''•''  "•■■""'^■'win„  the 


^ 


<  iKji  11  i.wiiti  ST/.i:\  in  hit()i:i.i.rri!ic  iii:\  llhi'mest 
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-    't'  tilt'  roi'k  ami  tin'  lu-avy 

•I'-snrY   to  MiaUc  a  clraii   Ijn-.ik.   it    wa-   t'ouinl   iinpracticalili'  tn 
■  ni.f.'  ..:   -nil;  •■   It  .-tiT-ii!.'tli  t.i  witli-taml  tli,.  \\.,w.     Tlic  method  of  drill- 


part  nt'  tills  work,  horizontal   hol,.s  al.mit  il  to,t  >Wy  uvro  drill.-d   into  the  la.-,.  ,.(   tho 

lieadiiis  'i  the  'isna!   way,  Imt  on  ai iint  ol   the  hardm-s      '     '  '  •     ■      - 

charKi'^  of   ■, 
make  the 

iu'-r  w-a>  tl  r.'l'.  !■•■  cliair  d.  ;  1  vertical  holes  were  drilled  from  ihe  tunnel  hehiw  before 
the  timlx  .  •!,;  -as  put  !i,  !(>  drillin;;-  liein;.'  kept  well  in  ailvaiiee  nf  the  face.  This 
system  of  .li  loii.'  a  i  !  she  ^tinir  prove.l  sati>faetory  as  the  force  ,,f  the  shot  did  not 
act  downwanl  uu  ,..,  .on'.ers.  hut  threw  the  muck  liack  from  the  face.  This  method 
of  enlarfiemeut  pave  the  tunnel  a  isecti..n  much  the  -ame  a~  an  ei.'!.'  held  with  the  point 
down,  with  an  area  of  ITi!  sipmre  feet.  Some  very  I'air  um-k  was  done  nnder  this 
svstem  after  the  crew  was  well  hrokeii   in,  hut   as  it   us  al-oluldy  mccssarj-  to  leave 


Oorpiitlani  tniiiiel  open  for  a  lar;;e  part 


it   the  tinu>  in  order  tn  maintain  a  s\ip|)ly  nf 


water  in  lake  Hnnt/en.  the  actnal  workinir  time  in  the  tunml  was  very  nncertain  and 
of  short  duration.  Dnrin;,'  the  summer  tncniths  inori>  than  half  the  time  was  lost  in 
this  way  on  a.-coiint  of  the  very  lidit  riin-otT  fmTn  lake  l?nutxcn  watershed:  in  addi- 
tion, the  tiinherintr  cut  down  the  area  of  the  timnel  tn  -ucj,  an  extent  that  its  capacity 
w;i-  .-neatly  redie.d  ;i,id  very  litlh'  time  for  actual  wnrk  was  avaihilde.  The  irreater 
thi'  nuniher  of  l„.Hlin>;s  work.  d.  tile  ;rr.'ater  wa«  the  oh-.triic|i,,ii  in  the  tiinncl.  ,i- 
timherins  was  necessary  at  every  headinsr.  The  demand  for  water  wa^  incre;;-iii2 
daily,  and  the  limited  stora-e  nece-sitated  the  construction  of  an  auxiliary  steam 
plant  in  the  eit.v.  and  in  .Inly  of  I'.Uu  f„r  the  piirpo-e  of  ohtainiiiff  greater  speed  the 
top  lie.diiip  method  was  ahandwiieil  in  favcuir  of  on.'  in  whirh  n.i  timherins  was 
recpiired.  At  this  titne  ahoiit  l.MXt  feet  of  <>nlari;ement  had  l.een  completed  and  the 
tunnel  was  drilled  to  a  point  .".OfMl  f,vt  I'lom  the  portal.  I!ef..re  ehangins  over,  the 
drille<l  portion  was  completed  hy  the  lirsl   method. 

The  method  hy  which  the  remamder  of  the  tunnel  was  enlarged  consisted  of 
removiiifr  siiflicient  rock  from  one  side  and  tiie  roof  to  increase  the  area  from  the 
ori'iinal  M  square  feet  to  11)u'  square  feet.  The  side  headings  were  started  at  intervals 
of  from  KM)  to  loO  feet,  and  were  worke<l  in  h.ith  dinetions.  The  drilliiiK  was  all  done 
from  the  main  tunnel  at  ridht  anfrles  to  the  centre  line.  The  hohs  were  drilled  8  feet 
deep,  and  were  placed  in  vertical  rows  spliced  -'l  feet  apart,  each  row  havinp  five  holes. 
Two  rows  of  holes  were  drilled  fr.nn  ..ui'  settin-  of  the  drill  column,  on  which  were 
mounted  two  drills  on  lau-izontal  arms.  „ne  on  each  side  of  the  ei.luinn.  The  drillinu' 
was  carried  on  independently  <d'  the  sheotinjr  and  ninekin?,  and  was  kept  well  nhend' 
of  these  two  operations.  When  the  "  hreak-onts '"  were  fir>t  started  and  the  di.stanee 
hetwiMMi  the  faces  was  small,  luily  one  row  of  holes  w.is  sh.,t  on  eaeh  face.  I.nt  two  rows 
were  shot  on  each  face  after  the  hcadinp.s  ha<l  wideueil  ,,ut  siitliciently  to  accommodate 
the  nuiek  pile  without  sjiiUinn  it  out  over  the  tracks  in  the  .ild  tunnel.  .\s  niauv  i-- 
tonrteen  "  l.ri'ak-outs  "  were  worked  at  one  time,  yivini;  twenty-eifiht  workinf?  faces. 
This  operation  rinioved  the  rock  from  the  side  of  the  tunnel,  and  the  roof  was  trimmed 
up  hy  a  separate  aanp:.  The  heavy  shots  in  the  side  of  the  tunnel  hreke  out  well  into 
the  middle  of  the  roof,  ami  it  was  often  meos-ary  to  do  very  little  trinuninfj.  .\;fter 
the  side  hoh's  had  hcen  shot  an.l  mucked,  a  small  i;aiit;-  followed  with  stopint;-  drills 
nnd  drilled  the  roof  when'  nece-sar.v. 

The  Work  was  carried  on  in  th.'  tunnel  as  leiip  as  the  water  in  laki'  lUmtzen  was 
above  a  certain  minimum  level.  Win  n  this  level  was  reached  the  tunnel  was  opened 
nnd  allowed  to  remain  open  nnlil  the  lake  tilled  a^ain.  Two  ten-hour  shifts  wen 
worked  in  the  tunui'l;  all  of  the  drillinu:  was  done  on  the  day  shift,  ami  the  shootinp 
was  done  when  the  clriilinjl  shift  went  olT  duly. 

When  the  iii>rlit  crew  came  on  the  two  tunnel  locomotives  took  the  men  ns  far  as 
the  first  face,  where  they  started  to  clear  the  track  of  all  muck.  ,\s  soon  as  'be  track 
was  cleared,  cars  were  spotted  at  .'ueii  of  the  faces,  and  the  muckinff  was  carried  on  as 
quickly  as  possible  and  the  tunnel  cleared  reaily  for  thi'  day  shift. 

The  nuwk  wa-^  hauled  in  ^\  enhic  yard  side  dump  ears,  which  were  handled  in 
the  tunnel  in  trains  of  iU  to  .'10  ears  hy  ele.lric  loe.unotives  of  40  horse-power,  taking 


^ff^^ff^— ii^^ 
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nf:r..in\\n:\r  of  rut:  ixteriou 


.^asSk 


-^■' 


■-"      135- 


Jr,  .l,„  „  I         J  X         y>"  'IT  I'lL  passing  ot  trains  and  tho  storaeo  of  cnrs   wnr«  1 

in  tlio  pnlarppd  tunnel  at  intorvals  of  about  1  -^OO  foot     Thr.  »      i 

20-poiiiid  rails  l-ii,!  tn  "  f.nf  n  ■     i  Tp        ,        '^"'^  ^'^"'''^  ^'^s  eonstnietp 

MiMunit    tl,rnn.,l    •       '  i  ,  ""^thod  ot   piilnipinpr  the  tunripj   from  t 

.1;:;  :::;i;;:::';,,:,:i„';;;;;;'; ■  -'  "--■ "'™  "• "» ^■'■>-'> ..1.  ~ ..,.,. 

- iCi:  i:d"::l,r's;i;™  ::,.'-l;';:l:v,;;„r;  i:rrf't'  -""f  -r 

'!;■  .*":rJu;i::';;i;,t;.:;:;;:';' -^  -^  ■""  "'■'-'  «"«"•  -/X-»  ™ 

stopprs,  which  numhorpd  from  thrpp  to  seven      F.,Ph  drilli,,,.  f,r.,,       l  i 

mel  Pach  morning  eneh  drill  erow  attended  to  the  loading  of  th  >  ,3,i   o     .  ^ 
s  2  ^topl.     One  repair  man  was  kept  in  the  tiumel  on  the  drilling  s     ft  „  ,, 
h^  t  repai,  or  ndnistment  was  made  at  once.    The  steel  shar,uming  was  do  le  1  y  th 
III  .r.tr"-"'""  "■"'■'""^  '"^  -'"'''■  '■'•  '-  """-=    -  --  ">'  -oh  shifrtimjere: 

Leyner  motor-dnvei,  eompressors  having  a  total  eapaeity  of  2,o,o  eubie  fll;  '.l  f;;.' 
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air  per  minute.  The  Coquitlam  plant  oonsistod  of  two  Tngirsoll-R,,  d  m  tor  driven 
compressors  having  a  capacity  of  .-.nO  .ubi.'  feet  of  free  air  per  minute.  Hoth  of  these 
plants  fed  into  a  ."-ii.ch  diameter  air  main  running  the  whole  length  of  th  •  tunnel 
V  Iter  under  pressure  was  furnished  to  the  drills  through  a  water  main  hiid  oarallei 
to  the  air  main. 

A  2.20ft  volt  power  lino  was  run  from  the  dam  substation  to  the  oast  portal  ..f  the 
(oquitlam-nuntzon  tunnel  for  supplying  power  for  driving  the  air  compressors  and 
other  machines  during  the  work  of  enlarging  the  tunnel.  Current  for  the  electric 
locomotives  was  obtained  from  a  motor  generator  set. 

Tlie  tunnel  enlargement  was  completed  in  -March,  1011,  in  l,ss  than  100  working 
days  alter  the  side  method  of  enlargement  was  started.  The  average  advance  p  r  day 
ot  two  shifts  during  tins  time  was  very  close  to  100  feet  of  enlargem<.nt.  The  maxi- 
mum a.h-jmce  tor  one  day  was  175  feet,  when  T-'iO  cars  of  muck  were  hauled  out  of  the 
tunnel.  1  he  maximum  numb.r  of  men  at  work  at  one  time  was  4r.O.  Very  f .  w  sorioiis 
aecident.s  oecnrrc<l  to  the  workmen  during  the  course  of  the  work. 

'J' II II ml  liitahi'. 

When  the  tunnel  enlargein.'nt  was  started  a  !)-foot  diameter  coflin  sluice  gate  was 
installed  in  the  tunnel  a  short  distance  below  the  old  gates.  This  gate  was  iilaeed  in 
the  tunnel  at  the  bottom  of  a  .sliaft  sunk  from  the  operating  tunnel,  wlii.'h  was  .'  ■■'ven 
above  the  proposed  high-water  level  of  Coquitlani  lake;  it  was  deMiined  t,  operate 
under  a  iiead  of  S,")  feet. 

Wiicn  the  tuinicl  enlargement  was  completed  tiie  coffin  gate  was  taken  out  and 
re-erected  about  40  feet  upstream  in  place  of  one  of  the  original  sets  ,.f  gates,  and  the 
old  gates  were  removed.  In  the  place  of  the  coffin  gate  two  stonv  sluice  gates  were 
installed.  These  gates  are  each  i  feet  0  inches  wide  and  10  foot  higli.  Th  coffin  gate 
IS  set  in  a  Venturi  throat  and  the  tunnel  is  lined  with  concrete  bi-tween  the  coffin  and 
the  stony  gates.  The  stony  gates  are  used  as  the  usual  operating  gates,  an.l  the  coffin 
gate  as  an  emergency  gate,  or  whenever  perfect  water  tightness  is  required. 

I'  "'•'!   iutake  eonsisted  of  a  roek-tillul  timber  crib  built  out  into  tb.'  bike 

''.'"'   '  -liree  intake  tunnels   7    foot  s(iuare.   made    up    of    iL'-in.'b   by    12-ineb 

'""'"''  •'■•     'I'liese  short  intake  tunnels  were  joined  together  into  one  tninu'l 

I'aek  in      ...  niek  in  front  of  the  gates.     The  capacity  of  this  intake  wa>  not  suffiei,.nt 
lor  tb.e  enlarged  tunnel,  and  the  intake  was.  therefore,  reconstructed. 

The  now  intake  consists  r,*-  a  heavy  Inasonr^•  retaining  wall  founded  on  bed-rock 
and  built  against  the  steep  hill  above  the  tunnel  entrance,  the  elevation  of  the  tnp  of 
the  wall  being  well  above  the  high-water  level  of  ('o.piitlain  lake.  The  main  wall  is 
llanked  by  two  inclined  wing  walls. 

A  trash  rack  41  feet  wide  and  lia  feet  high,  made  up  of  a  framework  of  T-boanis. 
'vitl;  4tl-poiiiiil  T  rails  biiil  vertieally.  and  mounted  on  eight  whe(l>.  i>  pn.vidcl  at  the 
tunnel  intake:  the  rack  is  supported  by  heavy  steel  cables,  and  countc>rlialanecd  so 
tb:il  it  can  readily  he  raised  and  cleaninl. 

A  log  boom  is  nncbored  across  the  a|iproaeh  channel,  and  a  stiff  lei;  derrl.  k  is 
iu'  .viiled  over  the  tunnel  iiortal  f.u-  nnioving  any  heavy  driftwood  whieb  niiiy  appr -aeh 
the  iutake  shoidil  the  log  boom  he  carried  away. 

lioth  of  the  stony  sluice  gates  and  the  coffin  gate  can  be  operated  by  gi  leuo 
engines  or  by  hand.  The  operating  gear  is  placed  in  eliambers  cut  in  the  face  .  f  the 
mountain  at  the  level  of  the  top  of  the  retaining  wall. 

From  observations  that  have  h(>en  carried  out  since  tlio  tunnel  was  enl:irj<  d,  its 
maximum  discharging  capacity  is  estiniati  d  to  be  about  1,.'!,')0  cubic  f,ot  per  seeond, 
the  value  of  "V"  in  the  (Tiezy  formula  being  III  i!.  the  value  of  "\"  in  the  Kuttcr 
formula,  0-0;i8S.  The  di.-cbarging  capacity  is,  ther.'fore,  well  in  excess  of  the  require- 
uieets. 
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i>i:i'\ui\ii:\r  ,,r  nn:  i\ii:i;ii>ii 

Lake  Ilinitz.ii  Slonit/r   I!ryrrn,ii: 
I.iikr  I?iiMt/cii   lie.   iiMni,.,li;,t,  !v  f.   thr  uv  t      T  (  -,1         i    , 

"'''THr!,t:^"-;:;;:;-;:-:--'--.  .;^^         iS;»  ^:;:'  ^"•"  ^' 
>-ar  HM,  wh..,.  „,.  pr..,.ipi,„;i,:;!';:;,;;;:,;' ;;;;:;;: "'-  ^' ^'''-'-  -">  '■-  - i...,, 

i'>"  f.'lIow,„^  is  a  r,>,.„nl  „f  ,1,„  pr<.<.i„i„ti,„;  f.r  tl,o  v,.;,rs  100;M;.,4:_ 
'^"^  "  "'"■  ''■'■   ^'■--•— n..i„.,..  A,.,..  :  s..,..„  Mil... 


•  lilliu^lrv.    , 
KiliriMiv. . 

.\N..x-h. ;. 

Al'iil      .    . 
.Nh.v 

•'iiiit', . . , 
■'"l.v   .    ..  .' 

NiitciiiU'r 
(l.t.iU.,   . 

TniaN 


'^  s:  ?;;;;?  !j  i;;  f!  Hliu;;i^;::  .3  KH.., '„J,J,„, 

'■  'M  II  »,,   15  7-.   ',■.  .*-   ';'  *    >•  '";  I'.i  0)1  i:;  (H    ,1  44  ,„  ,.<    ^  ^,,       ; 
i;.:^'<    :>■>;.    4  ;(..    sii    ;;  ,  I:    lI  i;;    *;  i ;     ]■'*     -M.    ;izi.    7,:ti     i! 

111  L'l     r  '"1    '1 41,  .11  ■-    ,  ...  '  '^•'    •*  -1   I"  "    4  71    1;  ■>•,  I'l  <i 

"^^i^^ii^^  ux,  uu  ■>!.!«  7';;!  ]^^l  H^^;;  |;;;;^  -i  i^:.  mi* 


■I'll"  iiriM  ,,f  l;ik,.  liuMtzn,  i-  aluiMI    "iiio  ■ i  .1        ,      ■ 

-!n..v „,:!,...  Aiti,„„«h tiH. sion... .',,;. ■'7;^ ",";' ""■  '''■^';:'^-' --■•  ^''-t --.. 

"^"•"■^'1    ■"'•'■l'.-..v  fnr  ,I„.  ,,„„,.r  plnn,  ■  ''"^  '^  ""^'"'  ''  '"'•"'^  ^'"  '■^••'■H-it 

'         "S  1!"I2.  whilo  t|„.  prrliminirv  «•  ,•!    ■ 
"'"'"■'  '■on,H.<.ti,,.'  ,l,e  ,w„  l.kU  u         ,    ,,    ;         "  """"^'■"";'  ^vill.  tho  ,lrivi„ff  of  the 

'"1  "f  h'k<-  limit...,,.  ,„„l  .f„rr^.'  ■.„.,";•  "  '' '''■'''  ''"■"  ^^-''^  ''"''f  ^'f  ">"  -'"tl. 

•l-n  is„f  ,rnvity  M-.i,,,,   „      i  "  „  '  '''^  ^  "•';""  --  ^'-t  --  „1„. ,.     This 

h.>  ,„  .|„„„..t.T  „r,.  p,-.,v„l...i  for  tl,o  ,.xr.it..,-  pip,.  li„..s. 


/'/„/,/  \o.  /.  /,„/,,.  I',„„l~rn. 


"'<■  I'riiiiiKil    ruui.i--|,,,i,<,.  ,,f  il,  ,  (•        -.1         I, 
''" «  sl.orc  of  Ii,„.n,r,|  i„U,t  ■  ,    i  ,li  ;,;'':.'"";""""'T:'  ''!?"l-"""""t  t^  ^ituatoj  o 

Ti„.  pnw,.r-i 1,  i,„ii    ,;,„".'  "' ;''"""  "'  ""'''-^  ''■""'  V„„..„„v,T. 


f  s..\(.ii  ,i,iits  mail 


;cV;^:;V:w:VI;' K't:::;,;:';';''''''; ''';:';"  ''^  '•'"""  -'"•■•  "'-•■'^• 

()„.>  ^m)  vrv         K''norat„r  ,!r,v,,,  by  Dol.l,.  w,,t,.r  wh.M.Js. 
A      „'  1  f-'<:M,.rat„r  ,Inv..„  l,y  I)„l,l„  wat.T  ^vl,^,.!. 

•■-.. ".  .!./',:!:"::;„',:;;:;  zii.'::::t:t  ''"'•  ""■  --'-  ^-''-'^  -■'  —^or 

riiP   |„st  f,i,ir   miifs    (install..,!   1!)(>;!.p    ,,r,,  „f     :,„;, 

•'"'  ^'"^"'•■""  «l""l.  I'.v  ...onns  „f  „  ra,.l<  a,>,I  pinion 


t  Hul  III.  I  \i  III  M/.i:\  iniiuii  ii.ri  Titii   i)i:\  i:uti>\n:\T 


il 


device  drtl.Tts  the  nozzle  thrui.^h  wliieh  «„t.T  is  .LOivcred  to  the  wh,-,-!.  („  the  en^o 
of  a  >n,l,l.„  .leerea.e  in  load,  tiic  yovenmr  .'ansrs  the  nozzle  to  detleet  d^.wnwards  thus 
preventing  a  portion  of  the  water  jet  from  inipinginsr  on  the  hneliet^. 

I'mts  Xos.  0  and  7  ( instalh-d  1!.10-11)  .how  a  fir.at  advan-v  in  hvdranli.'  ,K-ipn- 

they  are  inwh  m..re  .■,■, nieal  as  reirards  water  c.n,sani,,tion  than  anv  of  the  units 

previously  uMaHed.  The  sp.vd  reirulation  i-  eontrolh.l  ly  a  Lombard  povorhor  which 
..pens  and  closes  the  main  nozzles  a<-eordin-  to  tlie  load  ,„,  the  nnl,  tlir.  ufrh  links 
«t  aehed  to  n  rocker  shaft.  When  the  load  on  ihc  unit  tall,  ,.flF  suddenly,  two  auxiliary 
reiicl  nozzles  are  opened  liy  the  a.'tion  of  the  .;overnor  ,.n  the  rocker"  shaft  to  which, 
the  nee,lle  stems  are  .-onnected  thron-h  links.  The-e  relief  nuzzh  s  clo>c  slowlv  hv  the 
operation  of  a  sprintr  an<I  .h.shpot.  thus  redocinr  U;e  wate-  hammer  etfect  on  'the' pipe 
lines.      All  of  tie  .enerat.r^   arc  .:f   the   :;-phase.  .;„-,yclc  ,>,„•.  ^ccrati,,.   ,t   2 -W 

volts. 


'I. .11,,,.  No.  1.^  L.,k.-  11 


UnT/t'M. 


ICIS     1 


icneiMli.  J.'  "ipiipiiK  lit.    tour  c.xcilcr   ii'it.- 
lieiiiK  yeiiciatid  at   1  Id  Volts. 
ars  is  eoiitrolled  ly  Tirri'll  rcLMihit.  r>. 


provided, 


h. 


Ill   adililimi   to   l!i,.  al  ( 
ciin-ent  lor  cM-italieii   piir[ 

The  voltaic  at  the  .\.( 

The  Kcncratin^r  equipment  i-  iii-talled  on  the  main  lloor  of  the  pouvr-hoiisc  whicl 
MS  mentioned  ahovo.  is  5  feet  alunv  hij-h-watcr  Icv.d.  The  operating-  hench  hoard  and 
switch  hoard  me  placwl  on  a  gallery  aloiiK  the  hack  wall  cf  the  generator  ro,.m.  lichiiid 
the  switch  hr.ard  the  (generator  swit.he.s  are  located  and  on  the  tloor  above  x  rp,,. 
erator  gwit..he.s  the  low  tensi,,,,  transfomier  switches  are  located.  The  transformers 
and  high  t.-nsion  switching  e.piipment  are  locate.l  in  a  sei-arate  building  behind  the 
power-h.uise;  the  transformer  eipiipment  consists  of  three  banks  of  three  .'ktHK*  k  :w.. 
siiigle-phase.  oil  insulated  water-cooled  transformer-,  nniniifaetiired  by  the  C  O  F  ' 
winch  step  up  the  voltage  fro,,,  o.JOO  to  MSm.  The  lightning  arresters  are  placed' on 
the  roof  o(  the  transformer  i.oi,,,.,  All  of  the  high  tcusio,,  swit.'hes  are  ,,r  the  C.G  E 
K-1-.  type.  At  a  later  date,  the  tniisformer  connections  will  be  chanircd  and  the 
voltage  stepped  up  to  f!0,(l(;il.  All  of  the  high  tension  equipment  is  s„i,;,blc  for  this 
higher  '  oltage. 
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PEPARTMKXT  OF  THE  ISTFRIOR 


Pipe  Lines,  Plant  Xo.  1. 

n.J:T\"^  **"  ^-''"^r  ^"^-  ""'*%'"  ^^'  P°^"-houae  Is  supplied  with  water  from  lake 
Bun  zen  by  moan,  of  one  p.pe  line  48  inches  in  diameter,  and  about  2.000  f^et  in 

ine  84  in.be  "-""a"''"  "^  ""'\''  '"  *'''""'^**"  "''•^  P'-^^ded  for  No.  5  unit  Onepiie 
.ne  84  inches  in  diameter  at  the  upper  end  and  tapering  to  72  inches  in  diameter  at 
the  power-house,  is  provided  for  each  of  the  last  two  .5,0^0  k.w.  unitri.lstaUed 
d„n,  w  r'^'".  '"^^""ti""  tf'e  fi"t  800  feet  of  the  pip.  lines  below  lako  Buntzen 
dam  were  of  wood  stave  construction;  the  wood  stave  ponions  of  these  pipe  ines  hav" 
now  been  replaced  with  pipes  of  riveted  steel  construction.  One  pipe^ife  24  fnches 
m  diameter  is  provided  for  all  four  exciter  units;  all  of  the  pipe  Hnes  arc  connected 
by  riveted  joints  to  pipe  sections  built  into  the  dam.  connected 

Plant  Xo.  S,  Lake  Buntzen. 

sary  high  and  low  tension  switching  eq:'ipment     Water  for  rlrK;.  r*!,    i.  j       ,        • 
un.s  is  obtained  from  lake  Bunt^e'n  ^hro^ugr^a  I^^eL'^Ler    el  r^'tln^frbou^ 
t;  H  d  b-    hn!;  ^lu?'T'Tr  "r^  ""^^  '^''^^^  t'-ugh'soUd  rock    and  con- 

u-,/  ,        \  '       '"'''  '"'■*^"'  '^'"'^  "*  providofl.  and  from  this  point    the 

"..tor  ,s  oondu.tod  t,.  th.  powor-l,ouse  through  throe  .tool  pipe  linos.  Close  to  le 
^..r«o  tank.  .   I-olton-Poblo  Patent  Vonturi  Buttorflv  valvol' installed  in  each  pipe 

The  greater  part  of  the  construction  plant  used  on  the  enlargement  of  the  Coquit- 
lam-Buntzen  tunnel,  including  the  air  compressor  plant,  was  available  for  the  new 
Irtnl  "■;'^.*^%"'"^^'"'"«^°P  «nd  "/^l^  buildings  at  the  old  tunnel  camp  at  the  wesi 
portal  of  that    unnel,  wore  repaired  and  made  habitable.    This  camp  is  situatod  on  the 

the  we  t  Sid!'  ?  ?r\T  ^"*  "'  '^^  '^r"  construction  work  co'ntemplatod  was  on 
the  we»t  side  of  the  lake,  a  pontoon  bridge,  made  up  of  large  codar  and  fir  logs  on 
which  wore  laid  stringers  and  ties  carrying  SC-inch  gauge  track,  was  oonstruct^drros 

IrHI  s,n",       '  r  r°"*^'".«  ^-pmunication  between  the  two  sides  of  the  lake.    AU  the 
drill  steel,  sand   etc    required  for  the  driving  and  the  lining  of  the  tunnel  was  tran^ 
p  anted  over  this  bridge  in  cars  drawn  by  an  electric  locomotive.     On  the  con  p    tion 
of  the  work,  the  logs  wore  taken  down  to  Burrard  inlet  and  sold 

The  wharf  camp  situatod  near  powor-house  No.  1,  which  had  boon  in  use  during 

911  in  connection  with  the  work  of  installing  No.  7  unit  at  plant  No.  1,  was  also  id 
for  the  accommo-lation  of  the  workmen,  and  a  third  oamp  was  built  near  the     ew 
power-house  site.     A  timber  runway  was  built  out  from  the  cliff  over  the  wo,     c^ 
Burrard  mlot  about  10  feet  above  soa-level  botwocn  powor-house  No.  1  and  tl  o  si  e  o 
power-house  No.  2,  to  provide  access  to  the  new  powor-house  site 


P4^ 
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i>i:rMn\ih:\i  of    in:  imfihoii 


liilaU    Worl.s. 

Tlu;  intMke  works  .onsist  ..f  tlnv..  I)„l,l,.  ,,,...,11,.  i„,„k,,  valvs  ,,l.,.,.,|  o„  :,  P,„„.ret, 
fouu.l:,t,OM  o..  the  l.,.ttum  .,t  lak.-  l:„„t.,.„.    Tl>,.  ,1.-1^,,  of  fh......  v„lv,.s  .liff.Ts  railioM^ 

from  tho  l,..n.i  PMt.'s  fj,.„<.n.ll.v  „s,.,l  f„r  i„tak..  w„rks.     Th,-  s...,ts  on  whi.-h  the  „ee,lle' 


res     wh.-u  ,.„.,,!  are  ni  a  hom.ml.l  pin,,,.;    .u  nut.r  ,.yliM,l,.r  Is  ,.r„vi.i..,l  ul,;,-!,  mav 
-e  luv,.re.l  ,l„wu  ,o  a  seat.  th,u  ...x,.l,„|i„.  ,,,t,.,  ,>,„„  „,e  ,„M.i]e  valves  s„  that  ,h ev 

nay  l-e  nispeeted  «„1„„„  ,1„.  „    ,  „f  „  ,,i,,.,     •,.,,.,  „ „„  ^^^^^^  ^,^^,  ^J   ': 

pressure.     The  entra.U'e  losses  nt  the  intake  arc  small.     (See  rei,r,„l,u.tinn  ab,.ve  )  ' 


f'« 


•^.. 


'•'"^'  in.  I  M-iti  M/.h.s  ini>i,'n-nu:riinr  i>h:\ni.<>f\n:\  r 
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Main  7'iiniirl. 

Fro,„  lak.  lJ„„U..n.  wn.-T  is  ,„n.l,K.t...l  f„r  a  .lUta,,,.,.  of  about  1.s,h,  f...,,  „„„„^,, 

nt.Tiial  (liaini'lor,  tliciicp  throu^'li  iiipc  lines 


a  coiuTpt..  lined  tunnel.  14  feet  S  in.-hcs 
to  tho  powcr-lnMisf. 


to  tho  pow.T-liuMso.     Two  shaft.    dPM,.n.,f..,i  «l,.,ff  V      ■        J        V  """"•■"  '"'""  ""«" 
at  di.tanros  of  -kl^l  f,,et  .,n,'    "W  ftnt     ';         T     (      /''       fl     t'^'  -^"-  '•  '"''-'''  ^"'•' 


k 
f 

roiii 

3 


.,o„ir:;^l;:,iz:^.mrs;"£:,;  ;■?;;;;,;:; "■'■■■■ 


I'.m.T  ri,,nt  No.  2.--I„t,,k..at  Lakr  I!u„tz.„, 


narrow 
nnd   a   ^ 


'  ti'.irk  «a<  laM  on  ii  (,„■  ,- 


y   aliiivi-  till'  li.  ri/ontal 
('■iiKToti'  oars  of  one 


.i.nn.eter  ,,(  tho  tunnel  for  tran^-rtiu.-  e„uer,,e  t„  ,!,..  r„rn,. 
'-•iH'ie  yard  eapa.'ity  uvre  Used  for  tlii-  uork 

The  form';  for  tlie  middle  seeti,  n  uvre  (1-1  f.ot  in  len-tl,  •    -,       ,  „   ,     ♦! 

w™, . , .,„,„„,„„;;'■  ';„■;;„';„:";■„-:::,.:;,::  ;;:':;,,;;,:".;'■;■  r""^ 

The  forms  for  l.oth  the  .niddle  an.I  roof  s.-etious  were  so  ,\        T,     ,   '     •  " 
iv.-il,le  to  pull  then,  ahead  without  disn.antlinl    I      fr  mow,    k      Tie  /'  7' 

■■.i<l.ll.>  seetion  travelled  on  wheels  supported  0^^^     uer    tr     k  .1  •     T,      ""^  *'"'  ""^ 
tn.v..h^  on  steel  roll..s,  and  exeelle^l  resn!.:';;:::  X ,-,:";:;;:   j  ^  '  f  i:;;!;'  '  "™'^ 

Ihe  conercto  used  was  in  the  proportion  1:2:4:    roek  was  eru.hed  on  ti    ' 
but  all  sand  was  purehased  an.I  transported  to  lake  Bunt.en  l.v    eow      Tl 
and  nux.npr  plant  was  loeated  on  the  surface  of  shaft  \o    1    an.  ' 
tunnel  linmfr  was  lowered  in  .'apes  thnuu'h  this  shatt 

.'>."71il— ;!i 


round, 
le  erushing 
■nerete  for  the 


-W 


■■:*'iVA 
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/'/  /•  '.HI  \ll  \  I    1,1    I  III    l\  1 1  l;li>i: 


Sui-'i,    'I'fiii!.-. 

In  or.i.r  tlut  l.,-tt.T  -(■  —I  r,  i;iil:.i  i.m  ..t'  tli.'  I,>  Jr..  ,.|,.,.t,i,-  M„:t-  miiil.t  1 l.f.i. 

.iM.i  liiMt  tn,.  .-tr.,'!,  ,,.   u.,t,r  l,;,M,Mi,  r  in  tl„.  |.i|  ,■  h,,,-  ,|i„.  t..  -ml.lru  .-Iimii-.-  „f  1 
iMidif  1...  rr,l,,. ■(.,!.  a  -uri:..  t:n,k  u.i,  in-.t;,ll,,l  i„.;,r  il,r  u.  M  ,„,rt,,l  ,.f  tli,-  tunnel 

liir  -ur-,.  tank   ,-,.,.  illu-tn,ti..n  l„-l,.w).  «l,i,.h  i-  :;(i  t,,  t   in  ,liMni.  r.r    in.l    ,1. 
'•'"    '"'     '";''•    I-    '"n-tn!,.!,,!  ,.r  -,r,l    ,  lai,  -    rii.t..|    t..^,  i  li,,-.  ^,p.|    |.I;,.-,  .|   i,,   ^   -I 
pxi.;ivnu.<l  in  tlir  r  n-k.    From  tli.-  ro..f  of  tho  tunn.'!  mi  upraUo  ahout  tl  foot  l^y  10  ( 
wa>   fir-t   .Iriv.n;     tl.,-    nn.ain.l.r   n(   t!io  ..xcMvatl..,,    wa.    ;li,i,    nmck..,!   tlir'.iiKli 
n;.r:ii-,-  and  iliniii.c'il  ,.iil-i,l,.  ih,.  \v,.-t   |,..rtal. 


ri.iia  N...  -J.  I,;ik.   Hunt/..  Tl.     T..].  ..f  Surg..  ■|ai,k. 


/'//"•   /.//(,• 


""■   I I""-    '""■    i-.-pr..i|Nrti,.n   ,,„    paM-,.  .•;7),   ,,|-   ^,|,i,i,    ,|„,,,.    ..r,,   ,i,,,.,.     ., 

0()nnfi't.>d  t..  the  -iin-o  tank  l..v  i,wMn>  ..f  tlanf;(.(l  rcinf.n-infr  plat.-.  Tlio  npixr  oik 
ofthe  pipes  pro.i,...t  into  tli..  Mirue  tai  k,  ami  are  in-,.vi.l,.,l  with  bell  months,  thus  niin 
mi/iiiir  ontranee  losses. 

Tiie  pi[ies  are  S  feet  r,  i„,.|u.s  in  diamet.T.  an.l  on.-half  inch  thiek  at  their  upp, 

'"''^- •""''• r  '"  '   ''■•'  .n  .iiani.t.-r  at  tlie  p..w,.r-h..ii>,-.  uh.  r-e  the  thi.-kiu—  i>   li-i,,,- 

Abont  200  feet  fr..ni  the  p<,\ver-h..nse  the  [lipe  line  passts  into  tnnnels  driven  thr.mc 
the  r,.ok.  whi,.h  is  l.adl.v  fisMtred.  The  pipe  li„..  sra<l.s  a:',,  v  rv  s'eep.  the  slop, 
ran.uniiff  from  lN  t..  ,".:!  dt'trree.,  thus  r.-iMleiii,L  .liHicnlt  tin-  liandiinp  of  the  large  pit 
seetnins,  the  heaviest  ..f  wiiieli  w.ii'hed  ^C,  tons. 


i 


.  ■rS^H: 


<  i«,,i  iiiwi  III  \i/i\  iniiuun  I,  iin<    i>i.\  i  loi-ui  \  r 


37 


ri.uii  N,,  -    l,.,k,    |;„„i.,.„,     \„„  ,.tS,„v.-Tank.|„,>M„^.  ,,,,..„i„>:«r.„  ,„ 


1M|«'  lim-  .iiiiM.rti.iii 


'^u^ 


s 
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i>i:rM!i\n:\i  ,,r  rin:  i\ih:itii,i; 


/ln/>,r/lff    ];,Ir,:<i. 


A   -hurt   ili-t;ll]ri-   i.i'iuv   til,. 


■in... ....  on .,,  part.  .,f  a,„  ,.,.it.  w„i,,. ;,,.,. „„j -!,  z  s::]::;:^:^:''  • 


"•""  '"•  ^-  '^'^ ' ''™-^:i;;;f^:::;-/^r; 'r  I;--  -  •— ■  -  -•■  ■ - 


Pi>ii-i'i-lii,nsi-  Xo,  2. 
on  -oliil  rock  iimi  i-  ,,t'  roiiifnnvil  . 


IVw,.r-l,„„-,._\,,  --,.,.  _r,.„r,„h„.,i„„  „„  ,„p.s  4„  .,,,1  tl,.  i-  f,,,,,,.!,.,!  tl,n.„d,..nt 

'"■rw,.  .■„i,>tnwtioi,,     Th,.  ,l,.si-n  ,.(  ,l,e  buihlin^ 


On  tli<>  MiMiii  lo.,r  of  tic  l.iiildiii.r    ul,;,.l,   ;.-♦•.     1  1  •   , 

h.vdro-c!..,_.tri-  MMit.  l,Mv..  1      .,  :'|  ,      "■       '  "'"""  '!'*^''-^^'^'f'-  "'-I-  three 

I'M,,   n.-t.illrj.      i..;H.h   unit   e,,Ms,.t-;  nf  ,,.10   Diek-Kerr  S,900 


^.:r,    .^'(. 


:-~!^ 


Jk'Aj^-A 


.Ai-»-' 


i.-rytKi^.'AGi: 


iiXft        IIUIIIM/IA    IDhl.-n-l  Ihrruir    l,f\ll.i,l'\lh\l 
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e  is  provided 
"M  liny  piiif 
>rvicc. 
lire  iibsoliite 


^l 


40 


in:i'\ur\n:\i  ,,r  iin:  i\rf:/tioi{ 


the  alternator  and  four  wator  wi.,.ols  nro  all  „r,..    ,   i    V       u  ,,  l'or.e-i>ow,.r: 

" '-  ^  i"H..  .„n.  .r. .^ -r  ".(-ir  5:  /;:::'-  :;:;S,:,tt:;::::; 


in.  water  to  one  w  .^.  ;.;  , ;  ''''o!"' '17'"  ^^  'n 'u''?-  '.""•''  ''^"'"■''  ^^P'-'^' 
.T-f.'  valve  is  provi,le,l\vi;i,!,::  ;,,/,::  t"'!''  ^  ''"  '•.v.lra„licall,v  operated 
wh.eh  direet  the  water  on  ,o  tl  e  l>u,.l<..,     ,f        '  vl  i-'  ■  "^  "•'^'"  "  '""  '"■'-''''  "''-''^«- 


COQVirLMl-UiyTZKS  H YDIUhKlKCTIilV  hEVELOl'MEyT 


41 


PuHcr  HiiiiM-  N..,  2,  IiiUik.'  Hou»i',  I«ike  BuiiUfn. 


3 

k 


I'limr  H'"!"-  N".  2.  <;<'nil:lt!:r  HiaitT-     t„il.-r  P.imtzi'n. 
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nf:PARrME\T  of  tiii:  ixtfrior 


K  i 


If^ 


attached  to  a  rookershTshfLr;"^'  •':  '''^'""■'  ""  f'"'  "■"«.  tLr-u^l.  link, 
relief  noz^lj  ^e  ,  ,  o  J  iv  Mu  It'  fT!  °"  "^^  ""''  ^""  '^  ^"'''^^"'>--  ^^^^  "'"'iHary 
by  the  operat  on  o  "1 IL  L  fr',  '"^^''''T  =  ''"^'^'^  ^'^'^f  "-^''"^  «lo«e  slowly 
the  pipe  linos.  '     ^      '^  '^"''"'"'-  *''"'  ^"•"■'"'-  ''"^  "-^'f"  hammer  effect  on 

is  i.i;e;s  the'n'r':!^::;,:^  •  '^''  'r-;"^^'  ""'^^  "''^  '^'°-'>'^'^-  --  "^  -'-j- 

.vw..^x':.:;r,'.;i,;'''',r  lli,';-""™'"'  r™ "- ' "■■'  "■-  ''«•  "»""■'  »-'* '~".. 

:^t:;'j;r  J'",s;;'.!;;lSs;^;*;:;:;S;;;-"-  --^ '  *■ S: 

' ^'^■'^■ri'r,:;::2Z/:z:::!:i:'z;:s^T'--'"^T •■•,!'"; '°" 

Cana.linn  CpmomI  El.-ctrio  TT-fi  fv„n  T  ♦  '"/*"""'•  <'"''^<'  ^"-itchfs  an-  all  „f  the 
«l>-e  the  In.  .e;:Lon  wi  ,.h  rln  '  iho  t  ;Sn::r  •''"'"  T  ^'"'.'"'^''  itn.nediately 
of  th,re  .3.000  k.w..  sin-lo-nln,,"  "  ii       '      " '  •^'"''P,'"™*  eonsists  of  four  banks 

whieh  the  voltage  i.  ra  .5  f  ^irU  o  t^^  ^f'T  1  V"-f  ^T'  ''^  —  "f 
eo„n....tio„s  will  be  ,.b;,n«ed  and  iu.  l!t  ,      '"*"  '^"'•^-  *^"  fansformer 

i„  o„i;;;",';,T"""  ""* " '- """ "'"'  ■•'""■  ^■■•- = "-  ■"»■■'-".■  -.pkM 


7  nin.imiision  Liiirs, 

lrdp:i;r.fb:!:;:L:;rr!:;;^r/''''''-rT''v\^'-'^^ 

trav.Tse  verv  roiifjh  ••nuntrv  brtw..,.,,  I„L„  u      ,  ,  t,  transmission  lines 

A  1„.  I,„c  n(  «,„„1  |,„|„  „,„,„,„,i,.„  ,„„„„,^,  |„,„,,.|„„,^.,  ^^^    I  ^^;^j  J 


(■oQiirLiM-niyT/.Ks  initno-h.i.y.cTUiv  i>FM:i.iti'MF.\ r 
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1  ^ff:.-'  A  c  -vai      ;>.  j»».r  • 


^^ — 


m 


I'HI'MtTMKM   (IF  TIIH  l\lh:i{IOf{ 

Cost. 


ment 


tl'fS^'  "  ''''-'"'''''  "^  ''■'■  -^"^^'1  -.-"liture  upon  th,.  whole  d^v. 


lop- 


APPROX-IIIATE  ^VMMAUy  OF  COST 
Power-house   and    Plant    So    I 


Transformer   houses    '.  . .'      

<»:  iKinal  hydraulic  tunnel.  Conuitlam  'ini,=  ;^  t  '  i      '„  ' '  ' 
subsequent   enlargement  °  ^'"'*  *"'"" 

Power-house  and    Plant   Xo.    H.. 


subsequent   enlargement ".'".".'!".'"  '"'^  '°  ^"^^^  Buntzen,   Includ'ine 


I'mver  H„„...,  Lak,.  It„„t...n-Tr,.n»f..rmer  (i,„ 


Water  Suiiply— 

Lake   Buntzen  concrete  dam 
Lake  Coquitlani 


Original    crib    dam 

'''^u;^;^'::^:;.""'"     '"'■'"^'"«'^ew-vVeB;„dnMer -water 

■Wharvc!!.    camps,   lands,   anil 


miscellaneous. 


Total 


*  902,409  00 
31S,77S  00 


1.715„';38  00 
2.ns7,266  00 


170,786  00 

31.S34  00 

l.tUi..4U  00 

(54!»,2S9  on 

;"S,2S6  00 

163,258  00 

I7.893,45li  UU 


L^sr* 


nK?;.49k..B  :jBi;:^B£T'''irAtJH^;>^i?^^« 


•^.ijffia  ti>;* 


"^^4.'  -l* 


lOQi  iii.AMiii  \i/,i:\  ini.itDi.i.h.i  Tiiir  III:]  i.i.i)i'\n:\r 
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Engineers,  etc. 

Mp^J^Tr^""'"^'^"'"  tl'<^  °';!,si"al  Coquitlnm-Buntz,.n  plant  as  designed  in  1903  were 
Messrs  Herman  &  Burwell,  M.M.  Can.  Soc.  C.E.,  .,f  Vancouver,  and  Mr.  Wvnn  Werl 
dith.  M.  Am  So..  C.:..  of  San  Franoi.-o.  Mr.  Mor.dith  nls„  acte.I  as  ^onsultin^ 
engmrer  for  the  tunnel  onlargement.  All  the  new  works  -le.-eril.ed  in  the  report  carried 
out  s.neo  Decemhcr.  1010,  :ncludinff  Co,|uitl:„n  .lam.  the  New  W.-stminster  intake 
works,  plant  Xo.  2.  and  extensions  to  plant  Xo.  1.  have  be.n  under  the  direct  on  of 


Ni  <v  Tiiiii»iiii«»ioii  Tuwira,  fr,>iii  I'lant  No.  -J.  I.,ikf  liuiitzcii. 

J!?S  ^!"  ''■,V"r''^'''o  •  ^"'*'  ^■^'■'  ^'-  ''°''-  ^^'"•■-  ^■^■'  ^-'"^^  ''"S'"'-^'^'-  ""t«h  Colum- 
bia Klectno  Hallway  Company,  Limited;    the  late  Mr.  J.  D.  Schuvler,  M.  Am    Soc 

t.K,.  represented  the  eo.npnny  as  consulting  enjriiKV.  during  the  early  stages  of  the 

dam  construetion;    Mr.  J.  R.  Freeman.  M.  Am.  Soc.  C.K..  acted  as  advisory  engne:' 

to  the  Donniuo,.  Oovernment  ,n  conneetion  with  Co.piitlam  dam   and  water  supplv 

,m„tor.      Ihe  IVpartn.nt  of  the  Ii.torioi  was  also  represented  hy  .Mr.  J.  li.  ChaE 

M.  Can   Soe.  C.K..  superintendent  of  Water  Powr  llraneii,  assisted  by  J.  T  Johnston 

bvTr   n   s"  St''"-  V-'a-  ■•'-•^,J'--'-''T  -"''-'•.  r>^P-tment  of  fhe  Intc"  or    and 
by  Mr.  R.  .S.  Stronneh.  Assoc.  M.  Can.  S,  o,  C.E..  as  resident  inspecting  engineer. 


'J.J  '  m 


DEl'ARTUE\T  OF  THE  INTERIOR 


If    \ 

I 


!:    I 


lii 


Appendix  Ho.  1. 

Falkemburo  &  Lalcks, 

Seattle,  Wash.,  November  28, 1914. 
Vancouver  Power  Compant,  Ltd.,  t>^^^  t^     ,  ...^ 

Vaicouvw,  B.C.  ^^"^  ^"-  **^<"^- 

♦-l,«^*'"''''?'r'o^""?"'*  *°  y°"'  '^"«»*'  tJ'o  quarterly  series  of  water  samples  was 
taken  from  lake  Coquitlam.  November  24,  1914,  by  the  writer. 

AU  the  samples  were  taken  carefully  and  in  accordanca  with  th.  best  practice 

J  ^"'^"T"'""'/'  ^<mo«pAere.-The  temperature  on  the  day  of  sampling  was  60 
degrees  Fahr  at  1  p.m     The  maximum  temperature  during  the  pre<^ng  tw^ry   ouj 

'::rz  i^  l^r  Fit''*'  ^""  ^^'  ^  '^^  ^'^-  "•^  *^«  -inimVmSi-r:: 
take„'':nrh':;^];itd^r"^^^^^^     '''^'  *»"«  ^-*  »-^-  *^«  --f-  - 

TEMPERATURE  OP  WATER. 
Station  No.  1 . .    . . 

2 47.«»Pahr. 

•  2 47.7       •' 

t 47.S       ■• 

6 47.7       " 

f'  "  ;;  ;; 47.7     •• 

eo/f^lrvelhelldli;^  '''''"'''''''  "'  *^^  --^^  ^'^^  ^-^^  -"'O^O^  feet  = 

5not«;.-Con8iderable  snow  was  noticeable  at  th*  head  of  the  lake,  and  there  was 
some  toward  and  on  the  tops  of  all  of  the  hiUs  surrounding  the  lake 

the  WrTd  of^'ttuS*"  ""  """'"""^  *''"^'  ''""-^  -  ^«  1°«  '--^  «t 

fmrn^J^  f^"*'," '  '^'^'7  "'  ^^  '''''®  "**^  ^^  ^"t*'  •'el*™^  ^^e  island  were  very  free 
from  floafng  logs,  timber,  etc.    There  was  considerable  floating  timber  irthe  upw^ 

«7r^,Z?  '"^k'  IS"  *°  the  br«.king  of  a  boom  below  the  Narrows.    1  boom  ^s 

stretched  across  the  Narrows,  holding  considerable  floating  timber  above  it  and  nrl 
venting  ingress  into  the  portion  of  the  lake  above  the  Na^ows  ^ 

very  iSuTm^uS^atf  '"'*'  "''  ^""''^^'^  *^  '"^^  ^^^^  ^^  *-«'  'he  e  being 
LakeBunhen  Tunnel-The  gates  of  the  lake  Buntzen  tunnel  were  open  one  foot 

on  the  date  of  snmpling.  but  had  been  closed  for  two  preceding  days 

Dratnagc.-Watej  was  flowing  into  the  lake  from  all  parts  of  the  watershed   and 

::pi'ot'lT;1i;w^. ''-  ^^^^"^^"  °'  ^«  ^'"^'^'  -  '---•--  ^^  wattwafbelng 
Samp/,«ff._The  samples  were  taken  in  the  usual  manner  and  places.    Those  for 

^idToiT    K'"/''f  *'•'?  "'  *':°'"  '  *°  *  *^«*  '^•'Pth  below  the  surfa^of  thelale 

SLtJwnW    I       '",°'''^""'^  ewmination  were  taken  6  inches  below  the  surface     S 

1 1"°    «   e    «»™P'«;,-'e  taken    n  vacuum  tubes  and  placed  in  Thermos  bot^e. 

w,th  ,r(,  water,  a^  usual,  and  were  plated  Uie  foUowing  morning. 


V'l 
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Phyncal  Examination. 

Samples. 

Nal. 

Na2. 

No.  a 

No.  4. 

1 

No.  5. 

No.  6. 

Turbidity     

ReiKtion 

SmeU 

Xante 

None. 

Neutral. 

None. 

Good. 

Very 

slight. 
30 

None. 

Neutral. 

None. 

Good. 

Very 

None. 

Neutral. 

None. 

Good. 

Very 

None. 

Neutral. 

None. 

Good. 

Very 

s.«h. 

None. 

NeutraL 

None. 

Good. 

Very 

slight. 

1           '"^ 

None. 

Neutral. 

None. 

Sedimeut 

Colour 

Good. 
Very 

sl^ht. 

Chemical  Examination. 

Parts  per  Million. 

Nal. 

No.  2. 

No  3. 

No.  4. 

No.  5. 

U 

■07 

.    06 

None. 

4  7 

2  2 

2  1 

9 

9 

18 

No.  6. 

Ammonia  free  a*  nitroKen    

Ammonia  Albuminoid  aa  nitroKeii  . . . 
NitnteniM  nitro«ren.    .. 
Nitrites 

15 
12 
06 

Norie. 

4  0 

28 

1-8 

8 

7 

15 

14 

10 

01 

None. 

4  3 

2  8 

20 

9 

7 

Ifi 

•12 

12 

06 

None. 

4  3 

2  5 

19 

9 

8 

17 

13 

•1)0 

04 

None. 

4  0 

2  2 

2  3 

10 

7 

17 

12 
10 
06 

Chlorine 

Hardneiw  total  exproMed  oil  Cab 
Oxygen  consumed  4  hrs.  at  37'C  . . . 
Solids  volatile 

None. 
3  8 
2  8 
2  3 

Solidafixed 

9 

Solids  total 

8 
17 

Na  1. 

No.  2. 

NaS. 

No.  4. 

i 

No.  5.     ' 

1 

No.  6. 

Bacteria  per  c  c 

Colon  bacilli  presumptive  tests . ...     .. 

30 
Neg. 

20 
Neg. 

50 

Neg. 

36 

Neg. 

25 
N.-g.      1 

40 

Neg. 

There  were  no  gas  or  acid  forming  bacteria  present  in  any  of  the  samnl.s      All 
orgamsms  present  were  common  water  forms  similar  to  those  isolated  in  Z  past 

(Signed)      FALKENBURG  &  LAUCKS,  • 

By  M.  J.  Falkenbubo. 
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in:i\\iiT\iF.\T  iiF  Tin:  ixTfuinn 


Appendix  No.  2. 


F.w.KK.\r)i  licii  i  L\i  (  Ks. 

Skmti.i;.   Wx~ir..  Si'IjIimiImi-    I.   l!ili>. 


Jfr.   0.    ]{.    a.   CiNUAY, 

(iiiof  Kiisinocr, 

B.  C.  p:icctr:c  Railway  Co.,  Ltd., 
Vancouver,  B.C. 


R<|v.rt  Xo.  10227. 


iiys  111  till' 
111   .\iiiru-t 


>  :■  .V<  rc.iucstcl  h.v  you.  til,,  writer  to,,k  >niii|.]c^  n(  tlic  v:iri..„. 
I"rr..w-|,it.  nt  tl.r  .U.-  ,.(  tli,.  Imlrauli.-Hll  ,|ani  at  lakr  <  •...niitlam  I!  ( 
1'*.   11' li'. 

Saniplos  were  taken  so  as  to  truly  represent  the  various  clays  in  the  pit.s  and  a 
Keiieral  ..ample  was  also  taken  of  the  elayey  material  after  it  had  been  dep  sited  in 
the  dam. 

A  separate  s.imple  was  taken  representing  each  distinctive  elayey  material  enter- 
ins  into  the  work.  The  samples  are  referred  to  hereinafter  in  this  report  by  a  number 
and  tlie  location  and  deseripti.in  of  ea.h  of  these  samples  were  as  follows;— 

Five  samples  were  taken  in  all. 

Sample  Xo.  7.— This  sample  was  taken  from  the  borrow  pit  near  the  ^aw-mill. 
I  Ills  material  corapris<^-d  the  major  part  of  the  clay  entering  into  the  fill. 

S„mple  No.  2.-This  sample  contained  elayey  niat.^rial  similar  to  th;it  of  sample 
-No.  1  but  was  interspersed  with  strata  of  fine  sand.  The  sample  was  tak.-n  to  repre- 
sent the  clay  and  sand,  as  ihey  were  associated  to-ether  naturallv.  This  -ample  was 
al.so  taken  from  the  borrow  pit  near  the  saw-mill. 

.^nmnle  Xo.  J.-This  sample  was  an  average  of  the  m.iterial  from  the  various 
deposits  after  it  was  in  place. 

Sample  Xo.  4-— This  sample  was  blue  clay  from  the  centre  line  of  the  dim  under- 
neath the  old  river  bed. 

.<^nmple  Xo.  5.— This  saiti|ile  was  brown  clay  similar  in  r.ther  r.vp.cts  thin  colour 
to  sample  Xo.  4.  This  deposit  lies  above  the  so-called  blue  clay,  referred  to  in  sample 
i\o.  4. 

All  of  the  samples  taken  contained  varying  proportions  of  elavey  material  and 
were  what  would  ordinarily  be  called  placial  clay  of  the  types  commonly  found  in 
this  region.  Some  eontained  more  clayey  material  than  others,  as  will  be  seen  in  the 
followiiip;. 

On  the  above  samples,  we  made  the  following  describe,!  te-ts  in  an  imleavour  to 
ascertain  the  nature  of  the  sani|)les,  both  from  a  mineralo^'ical  stiindpoiiit  and  also 
as  ti)  their  pliy-ical  properties. 

1.  Rational  .innh/sis.— The  so-called  rational  analysis  for  "true  day  substance"' 
was  made  on  all  of  the  samples.  This  is  the  analysis  commonly  used  in  ceramic  tech- 
nology to  determine  the  niiiieralogical  character  of  any  sample'of  elav.  The  complete 
rational  analysis  was  made  on  sample  Xo.  H,  determining  clay  substance,  feldspar  and 
quartz. 


^, 


roQViTH  u-nr  mzkx  ini.im.F.i.F.iiun   />i:\t;u>fMf:\T 
Thp  rntional  aiinlysp-  wrrf  a-  fdll.iws: 


49 


'               — 

— 

i                    ; 
1        3fi3% 

N...  l! 

22  2 

fit  5 

21  (if; 

N... :. 

CUvMuhsUnce 

F«'I«j8|»ar 

,vj  r,%    ■ 

21  i  8<-f 

t^w^tz 

1                        1 

From  the  above,  it  will  be  .«>„  tl,.t  samplo  NV  1  rontaimvl  th.  Inphe^t  an.ount 
of  true  clay  substanco.  and  sampl.  Xo.  ,  ,ho  s„K,ll,-t  a,n„u„t.  with  ,1„  otle  "  "^ 
in  t)«tween.  '.•■"<- 

2   Eh  mental  Anah,.is.~^FAvm,;Mia  analyses  w,-r..  al.„  made  on  Nos    1  and  ■?  t,. 
show  the  nature  of  the  chief  clayey  n.a,.rial  c.crin.  in,„  the  fill,  aid  a",  the     a  u 
of  the  clayey  material  in  the  fill. 

The  analyses  were  as  follows: — 


No.  1 


N...  :f 


Sili.-ft  

Alumina 

Iron  a»  Kt-rric  Oxid 

Lime  

Ma^nt^ia 

Alkalies ;. 

Coiiil»inH<i  water. 


5!t  8<t 

lil    70 

Hi  92 

17  Hi: 

7S4 

7    <HI 

5  OU 

.S  on 

3  ;:;■) 

2  112 

3  «9 

1  42 

3  40 

4  3h 

The  above  analyse^  were  nia<I.'  on  >aiMiil(<  dri.-.i  at  H".  deprees  ('. 
The  moisture  on  the  samples  a>  reccive.l  «a<  d.teriniiid  as  fallows:— 


N...  1 


21  2 


Nil.  2 


20 


N.,.  3 


N...  4 


N...  .-1 


IH  .•) 


IH  3' 


3.  Physical  TesLs.-The  following  |,hysical  tests  were  made  to  show  the  nature  of 
these  samples  as  compared  with  other  claye\   materials 

Bricks  were  made  of  all  the  samples  and  dried,  dotermiinnK  the  ,lrvi„p  shrinkage 
and  the  strength  of  the  air-dried  hricks. 

These  bricks  were  then  burned  at  two  different  tem|,eratiues.  Tiie  tests  were  as 
tollows: — 

I'lasticily.-'So.  1  had  the  highest  plasticity,  and  the  other  samples  possessed  this 
property  in  a  lesser  degree,  although  all  hiid  good  plasticity. 

The  water  used  in  tempering  to  develop  maximum  plasticity  was  as  follows:— 


X...  1. 


No.  2. 


No.  3. 


No.  4.       I      Xo.  -,. 


2tirr  24'; 


27<X 


2ti'c 


8571  ft-4 
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iiirxm  \ih:\i  of  the  isrhitnn; 


This  percci  .iijre  <>f  wati-r  umh\  U>  (knijlop  plasticity  is  a  rough  moasurc  i.f  the 
(ilasticity  of  a  clav.  Tt  will  \w  mMi'il  that  all  wore  r.bout  tin-  sam.-  as  nearly  a-  could 
Ho  detiTiiiiiipd  hy  this  tist. 

Diiiiitn  Shri„hvh\—1\\\'  r(>f,i>  t..  tlir  p.T.-.iitMiir  uliich  a  bri.-k  shrinks  when  it 
is  thoroughly  air  -Iried.  Tii.-  hi-licr  tli.-  <liriiikaL'.-  in  drviiiL'.  in  iiencral  the  higher 
is  tho  plastii'ity. 

The  drying  shrinkage  rnns  as  follows:  — 


No.  1 


N...  -i. 


So.  3. 


No.  4. 


No.  .J. 


If; 


■r;. 


r; 


This  propiTty  ..f  a  day  i-  al-o  ■.^  louuli  nna^iin-  of  its  pla>ticity.  It  will  lie  noted 
that  tl  is  tost  -h.iwod  X,,.  1  to  hav.  tlio  iiij.'ho>t  pla>tioity.  and  the  others  a  lesser 
amount. 

Stri'ii()lli  of  Mr-drii'il  Hvickx  jirr  Si/iiarr  Inrli  : — 


No. 


N...  2. 


No.  3. 


No.  4. 


N...  :>. 


3fi^- 


3'.'"; 


4r;      i      iH'", 


The  strongth  of  air-dried  liri.-k  i-  an  e>-enti.il  property  of  eiays.  The  strength 
roughly  varies  aeeordinif  to  the  ainouril  '  true  clay  -iil)staneo,  although  other  faetors 
enter  into  this  strength. 

Burning  T,/if.i.—Thv  -ampler  were  l,iini((l  at  S,  irer  cones  .\V,s.  O;!.  m^u-.iU  1000 
degrees  C.  and  01  oipials  ll-io  dcffrees  ('. 

At  eono  o:!.  No.  l  wa-  well  vitrified  and  >teel  li.ird.  .V...  -J  was  nearly  vitritie<l. 
while  Nos.  .'i.  4.  and  .",  at  a  sood  hard  loirn.  were  not  vit  itied. 

Colours  were  as  follows: — 


No. :. 


.No.  3 


No.  .. 


No. 


JiroHii.      I    ruiiuiii.^li 

Ttli. 


K.( 


l!.-.t 


Kh<I. 


At  cone  01,  Xo.  1  had  iieaily  ivaehe.l  it-  -..ftenin;.'  point,  lini  the  oi\fr,  -  wen>  still 
sharp  v\'ith  a  very  rino  o.ianiolled  -iirfaee. 

No.  2  was  well  vitr.ri.d.  Xo>.  :;  an.l  I  wc-,  not  vitriti<-d.  l,:it  were  ■•lose  to  vilrifi- 
oation,  and  No.  :•  was  vitrified.  . 

Tho         inkago  on  burning  was  a>  f(dl  iws: — 


No  1. 


No.  2. 


Xo.  X 


No.  4 


Ar  n.,nr  n,i 
At  tJoiip  Ol. 


10  5 


4  ,"> 


£  ^^3PK 


•oifi  iri.wiHi  M/.t:\  Hyhito-fLnrriK  inA  ki.oi'uest  5, 

..n,H.':"  ;!':,:;'r.7,*'-''' ■ -'-  '•  ■ ■""" ''»' '«-  •■'  '^"> 

;..;^\dn;:;;!j:?;:;",L:'-;;:itr,-.?;;;:::;v;:-:;;;:-;-- 

,.,0  :J::,,ir::ps.'t  r;'x.:t::;;7,-*v-j;;;i;,-;;i':,- »;;»,-:: 

I'lirif  M-Ui.lly  low  in  true  .-Imj-  Mib-t.iiu'..  '  * 

m.tht  1,0  ,all,.,    knnhM.  wh.,h  is  pr.....nt  in  varying  .Wr.v.  i,i  rl.v.  fro„,  onlv  ■    =in.n 
p.    . •....,.,...  ,„  th..  n,„ro  „np„r,.nr  .lay.  „p  to  nearly  .  luuMr..,!  per  cnt  in  tt  highei 

r.KK  niarenai,  ^ueli  ns  feldspar,  niiea,  quartz,  ete 

All  the  elays  show  a  fair  strength  air  drie.l  and  all  hum  to  a  <z I  ,.„„n„on  brick 

are  hUh;  a^i!;':"  ^;;:  ''*■  '""^^-^  •^•"-"''^■'  '^^"'^••"--  '■-*  ^'"  - "--  --pu. 

f{e-pei'tfiilly  -iulmiitted. 

(Spd.)       FALKFVBr-RG  &  L.\n  KS, 

By  "W.  .T.   I''Ai.KKNBinr;. 
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The  Reports  published  by  the  Dominion  Water  Power  Branch  with 
the  exception  of  the  Annual  Reporti,  have  teen  called  Water 
Resources  Papers,  and  have  been  numbered  1.  2,  etc. 


Annual  Reports  previous  to  1913  are  Included  with  the  Annual  Report  of  the 
Department  of  the  Interior,  and  can  be  secured  from  the  Secretary  of  the 
Department. 

Annual  Report  for  1912-13,  published  1914. 
Annual   Report  tor  1913-14,  published  1a15. 
Annual   Report  for  1914-15.      In  Press. 

WATER  RESOURCES  PAPER  No.  1 — Report  of  the  Railway  Belt  Hydrographic 
Survey  for  1911-12,  by  P.  A.  Carson,  B.A.,  D.L.3.,  Chief  Engineer.     Published 

U14. 

WATER   RESOURCES  PAPER  No.  2 Report  of  Bow  River  Power  and  Storage 

Investigations  (Bow  river  west  of  Calgary.)  by  M.  C.  Hendry,  B.A.Sc,  Chief 
Engineer  In  charge  -f  surveys.     Published  1914. 

WATER  RESOURCES  -"APER  No.  3 Report  on  Power  and  Storage  Investiga- 
tions, W  nnlprg  river,  by  J.  T.  Johnston,  B.A.Sc,  Hydraulic  Engineer  of 
Water  Power  Branch.     In  Press. 
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